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APPENDIX  B 

Dickeson,  Montroville  Wilson.  Report  of  the  Geological  Survey  and  Condition  of  the 
Alleghany  Mining  Company's  Property,  Warren  County,  New  Jersey,  with  Map  and 
Drawing.  Philadelphia:  J.  B.  Chandler,  1862. 


The  property,  the  subject  of  this  report,  is  situated  on  the  Delaware  River,  in  Warren 
County,  New  Jersey,  than  which  there  can  be  no  more  healthful  location  anywhere.  The 
topographical  features,  at  the  point  where  the  copper-lode  outcrops,  and  immediately 
contiguous  to  it,  are  peculiarly  indicative  of  the  special  purpose  for  which  it  was  thrown 
up,  as,  otherwise,  either  on  the  score  of  productiveness  or  value,  it  would  have  been  a 
decided  failure.  It  is,  truly,  a  very  bold  and  rugged  mountainous  portion  of  the  immediate 
country,  receding  to,  and  terminating  in,  a  very  pleasing  and  productive  soil. 

It  contains  by  titles  in  fee  and  mineral  right  upward  of  a  thousand  acres,  about  thirty  of 
which,  partly  cleared,  fenced,  and  susceptible  of  high  cultivation,  with  a  good  dwelling- 
house  thereon,  originally  erected  with  reference  to,  and  the  convenience  of,  miners,  and 
located  near  the  river,  has  lately  been  acquired  by  purchase.  And,  as  it  is  bounded  several 
hundred  feet  on  the  river,  the  desirable  facilities  are  thus  possessed  for  improvements,  and 
the  receipt  and  shipment  of  whatever  may  be  necessary  in  the  business  of  mining  for 
copper-ore. 

"Mine  Brook,"  so  called,  winds  its  way  through  this  portion  of  the  property,  which 
embraces  a  very  fine  mill  site,  formerly  occupied  as  such.  Upon  it  are  two  dams  which, 
with  the  race  they  were  designed  to  supply,  are  so  well  preserved,  that  they  can  be 
restored  to  their  original  perfection  and  usefulness  by  a  small  expenditure;  and  a 
perpetual  supply  of  an  abundance  of  water,  which  thus  flows  at  all  seasons  of  the  year, 
will  afford  ample  power  for  driving  all  the  stamps  and  supplying  all  the  buddies  that  may 
be  required  to  prepare,  for  market,  the  ore  it  may  be  necessary  to  manufacture  in  this 
way. 

The  very  large  body  of  contiguous  mountain  land,  densely  covered  with  forest,  will  furnish, 
at  very  low  cost,  an  inexhaustible  supply  of  timber  for  mining  purposes  and  fuel. 

The  neighboring  country  is  well  improved  and  richly  agricultural,  thus  rendering  the 
supplies  of  the  necessaries  of  life  abundant  and  cheap. 

The  facilities  of  transportation  are,  by  the  Delaware  River  to  Philadelphia,  and  by  canals 
or  railroads,  a  distance  of  about  a  hundred  miles  to  either  New  York  or  Philadelphia.  The 
open  navigation  of  the  Delaware  river  for  a  large  portion  of  the  year  will,  however,  of 
itself,  afford  every  requisite  facility  for  sending  the  mineral  products  of  this  property  to 
market,  while  the  cost  of  not  exceeding  a  dollar  per  ton,  designates  it  not  only  as  the 
natural,  but  very  valuable  outlet. 

I  commenced  the  geological  survey  of  the  property  at  an  opening  or  drift,  designated  as  No. 
1,  (see  map,)  started  a  short  distance  above  the  second  dam,  on  the  west  side  of  "Mine 
Brook,"  and  about  three  hundred  feet  below  the  shaft  on  the  brow  of  the  hill.  This  old 
drift,  that  penetrates  the  solid  shale  for  a  hundred  feet,  with  an  opening  of  about  eight  feet 


in  diameter,  curves,  in  its  direction,  at  a  distance  of  about  two-thirds  of  its  extreme  length, 
and  decreases  in  size.  The  vein  averages  about  five  feet  in  width,  the  copper-ore  being  very 
perceptible  in  its  dissemination  throughout  the  vein-stone.  The  idea  of  curve,  or  change 
in  direction,  in  this  level,  was  evidently  for  the  purpose  of  striking  the  shaft,  hereafter  first 
described,  and  which  was,  undoubtedly,  simultaneously  commenced  with  the  drift.  It  was 
not  reached,  however,  owing  to  the  erroneous  calculation  relative  to  the  dip  of  the  vein. 
The  walls,  here,  so  far  as  they  can  be  traced  from  the  opening,  are  well-defined,  and  all 
the  appearance  therewith  connected  clearly  indicated  a  true  copper-vein,  which  this  drift 
has  been  of  but  little  service  in  developing;  though,  ultimately,  when  mining  is  prosecuted 
to  the  extent  which  the  property  invites  and  warrants,  it  will  be  of  great  service,  not  only 
as  an  air-channel,  by  a  level  opening  to  the  working  for  upward  of  three  hundred  feet 
above  and  some  two  hundred  feet  below,  -  ventilation  for  five  hundred  feet  of  shafting  in 
the  aggregate,  -  but  as  an  outlet  for  the  ore  from  above.  Hence,  though  this  work 
anticipated  the  necessity  for  it  as  to  time,  and  failed  in  the  purpose  of  which  it  was 
undertaken,  it  really  adds  to  the  value  of  the  property  now. 

Drift  No.  2,  (see  map,)  about  one  hundred  and  twenty-five  feet  above  that  I  have  been 
describing,  is  started  on  the  same  side  of  "Mine  Brook,"  on  the  outcrop  of  the  vein,  which 
is  about  five  feet  in  width.  Here,  the  vein-stone  was  simply  removed  for  a  certain  distance, 
when  the  direction  was  changed:  further  progress  was  made,  when  another  change  of 
direction  ensued,  and  thus  it  was  driven  till  the  distance,  in  the  aggregate,  of  about  a 
hundred  feet,  was  attained.  The  walls  are  regular,  and  the  dip  of  the  vein  is  at  an  angle 
of  45°.  Owing  to  the  great  length  of  time  this  drift  has  remained  undisturbed,  the  sides 
had  become  so  foul,  from  the  accumulation  of  debris  of  various  kinds,  that  it  precluded  a 
critical  examination,  hence,  definite  conclusion  relative  to  the  distribution  of  copper-ore 
in  the  vein-stone,  though  all  developed  indications  in  relation  to  it,  exhibited  the  green 
appearance  incident  to  the  presence  of  carbonate  of  copper. 

On  the  same  side  of  the  ravine  at  a  further  height  of  about  forty  feet,  in  an  indentation 
of  the  elevation,  I  came  to  an  old  shaft,  an  opening  I  shall  designate  as  No.  3,  (see  map) 
sunk  to  the  depth  of  forty  feet,  and  directly  on  the  slope  of  the  vein.  The  vein-stone  has 
been  merely  removed  from  between  the  walls,  which  are  perfectly  smooth.  The  south  wall 
is  slightly  tinged  by  the  contiguous  shale,  with  an  ash  color,  which  deepens  into  a  dark 
brown.  The  vein  is  about  seven  feet  in  width,  dips  at  an  angle  of  40°,  and  it  exhibits  traces 
of  copper-ore  from  the  top  of  the  shaft  down  to  the  extreme  depth,  and  from  which  some 
ore  must  have  been  taken.  The  sinking  of  this  shaft  was  a  wholly  useless  expenditure, 
which,  had  it  been  applied  to  drifting  on  the  vein,  and  stoping  upward,  would  have  been 
attended  with  much  satisfactory  results. 

Still  further  up,  some  fifteen  feet  on  a  retiring  line  from  the  last  described  shaft, 
designated  as  opening  No.  4  (see  map)  and  undoubtedly  the  first  opened  on  the  property, 
a  shaft  is  sunk  to  the  depth  of  about  forty  feet,  by  simply  removing  the  vein-stone.  The 
vein  here  is  upward  of  six  feet  wide,  with  regular  walls,  and  dips  at  an  angle  of  45°.  At  the 
bottom  of  the  shaft  a  drift  is  started,  which  extends  westward  about  six  feet.  The  shaft 
exhibits  very  favorable  indications  of  copper  ore  throughout  its  entire  depth.  This  also  was 
an  useless  expenditure,  and  with  the  sinking  and  driving  previously  described,  in  all  some 
three  hundred  feet  through  hard  rock,  could  not  have  been  accomplished  for  a  much  less 
sum  than  five  thousand  dollars,  when  one  properly  located  tunnel  of  one  hundred  and 


twenty-five  feet  in  length,  would  have  more  effectually  developed  the  property,  than  all 
that  has  been  done  upon  it. 

Some  forty  feet  above,  immediately  on  the  brow  of  the  elevation,  it  being  the  third  terrace 
from  the  river,  a  shaft  seven  by  fifteen  feet  in  diameter,  designated  as  opening  No.  5,  (see 
map)  was  sunk  to  the  depth  of  about  twenty  feet  some  fifteen  years  ago.  It  is  started  on 
the  outcrop  of  the  vein,  by  simply  removing  the  vein-stone  by  blasting,  and  leaving  the 
walls  smooth  and  regular.  The  width  of  the  vein  is  about  six  feet,  and  its  course  is  40°  east 
of  north,  with  a  northerly  dip.  At  my  first  examination,  I  discovered  that  ore  had  been  cut 
at  a  depth  of  eight  feet,  appearing  in  bunches  or  patches,  varying  in  size  of  a  pea  to  a 
hen's  egg,  and  at  the  bottom  of  its  bed  it  bore  the  appearance  of  having  been  molded.  That 
it  was  a  point,  where  the  value  of  the  property  for  copper  ore  could  be  tested,  did  not 
admit  of  a  doubt.  The  south  wall  has  been  partially  removed,  and  a  proper  foundation  has 
thus  been  obtained  for  the  windless  frame,  now  completed  and  covered  with  a  good  shed. 
An  ore-house  was  also  put  up  at  my  last  visit,  and  miners  are  now  vigorously  and 
successfully  at  work  in  sinking.  Copper  ore  is  distinctly  traceable  in  the  shaft  from  the 
outcrop,  and  through  the  vein-stone  down  to  its  bottom.  At  the  depth  of  eight  feet, 
previously  referred  to,  fully  half  a  tone  [sic  ton]  of  the  grey  sulphuret  of  copper,  averaging 
in  mass  thirty  per  cent.,  was  taken  out  merely  in  the  process  of  cutting  away  the  walls  to 
widen  the  shaft.  This,  at  the  depth,  is  a  very  unusual  and  extraordinary  result,  and 
several  tons  of  ore  equally  as  rich,  and  exposed  to  view,  could  be  taken  out  by  stoping. 

From  this  shaft,  on  its  south-west  course,  I  found  the  vein  thoroughly  exposed,  by  its 
having  been  completely  denuded  of  its  shale  covering  for  a  distance  of  fifty  feet,  where  a 
shaft,  designated  as  opening  No.  6,  (see  map,)  fifteen  feet  in  diameter,  is  started,  but  sunk 
only  a  few  feet  in  depth. 

About  fifty  feet  further,  on  an  outcrop  line,  the  vein  is  again  completely  uncovered,  and 
considerable  work  has  been  done  on  the  back  of  the  vein,  longitudinally,  in  the  form  of  an 
open  cut,  which  is  designated  as  opening  No.  7,  (see  map).  For  about  one  hundred  feet 
onward,  the  earth  had  been  removed  from  the  shale,  which  is  of  a  deep  reddish-brown 
color,  thus  presenting  to  view  a  complete  arch,  some  fifteen  feet  in  diameter,  over  the 
outcropping  of  the  vein.  From  the  open-cut  No.  7,  the  vein  is  located  in  the  immediate 
centre  of  the  arch  of  the  shale,  which  looms  up  to  the  gaze,  like  the  huge  back  of  an 
elephant  -  the  Elephant's  Back  being  the  appellation  I  have  affixed  to  it,  in  contrast  with 
a  similar,  though  smaller,  extraordinary  formation  in  Cornwall,  England,  known  as,  and 
denominated  by  the  miners,  the  "Boar's  Back."  This  phenomenon  in  structure  or  formation, 
is  part  of  a  grand  and  very  remarkable  natural  development  of  a  copper  vein,  which  is 
really  impressive  of  volume  and  value  to  a  degree  I  have  never  before  witnessed,  and 
which,  as  an  index,  it  seems  to  me,  can  not  prove  delusive. 

The  Centre  of  the  Elephant's  Back  is  perforated,  which  opening  is  designated  as  No.  8,  (see 
map,)  exposing  to  view  a  light  ash-colored  vein-stone,  that  shows  small  patches  of  copper- 
ore. 

Some  twenty-five  feet  further  from  the  extreme  point  uncovered,  on  the  line  of  the  outcrop, 
another  opening,  No.  9,  (see  map,)  about  five  feet  in  depth,  is  made  in  the  shale;  from  the 
indications  of  which  the  covering  is  decreasing  in  thickness,  and  the  vein  itself  is 
approaching  the  surface. 


A  further  elevation  of  some  thirty  feet  -  the  distance  passed  over  on  the  outcrop  of  the 
vein,  from  opening  No.  5,  at  the  brow  of  terrace  number  three,  being  about  two  hundred 
feet  -  brings  the  survey  up  to  the  highest  point  of  the  outcrop,  it  being  on  the  fourth 
plateau  or  terrace  from  the  river.  Approaching  the  brow  of  this  elevation,  and  about  ten 
feet  to  the  right,  a  very  fine  view  of  the  shale  that  covers  the  vein  on  the  north  side,  which 
inclines  at  an  angle  of  45°  down  to  the  third  terrace,  followed  up  from  opening  No.  5,  at 
the  brow  of  the  elevation,  where  it  commences,  is  presented. 

This  natural  roof  or  water-shed  is  the  most  perfect  thing  of  the  kind  I  have  ever  met  with, 
being  a  dark  chocolate  color,  and  quite  smooth  and  regular.  I  would  remark,  that  this 
brown  stone  roof  is  not  peculiar  to  this  single  point  or  location,  but  the  description  applies 
equally,  from  terrace  to  elevation  elsewhere  on  the  property,  there  being  six  or  seven 
terraces  which  thus  characterize  the  mountain  from  the  base  to  its  summit.  Hence,  an 
inexhaustible  quantity  of  sound  brown-stone  for  building  purposes,  whether  required  in 
blocks  of  ordinary  or  unusual  dimensions,  can  be  procured  here.  My  impression  is,  that 
such  a  stone,  with  its  perfection  of  quality,  size  of  the  blocks  in  which  it  can  be  had,  and 
the  facility  of  cheap  transportation  by  the  Delaware  River  to  the  towns  and  cities  upon  its 
margin,  might  be  made  a  source  of  considerable  revenue,  particularly  as  it  is  so  much 
used,  and  is  not  met  by  the  competition  of  production  with  any  similar  article  within  the 
limits  I  have  designated  as  a  market  for  it.  It  struck  me  as  a  feature  of  probable  value, 
and  worthy  of  being  referred  to  in  the  report  of  the  property. 

Resuming  the  survey  on  the  fourth  terrace,  at  a  distance  of  about  one  hundred  and  forty 
feet  on  the  outcrop  from  the  last  described  opening,  a  small  shaft,  opening  No.  10,  (see 
map,)  is  sunk  on  the  vein  for  determining  its  character  at  this  point. 

One  hundred  Seventy  feet  further,  another  prospecting  shaft  designated  as  opening  No. 
11,  (see  Map,)  is  sunk  for  the  same  purpose,  and  the  vein  is  found  to  encroach  slightly 
upon  the  roof  or  covering. 

On  a  cross-line  from  this  shaft  midway  of  the  roof,  descending  to  the  terrace  below,  a  drift, 
designated  as  opening  No.  12,  (see  Map,)  is  started  southward,  which  passes  through  the 
shale  and  exposes  the  vein-stone. 

About  ninety  feet  beyond,  the  roof  has  been  cut  through,  and  a  drift,  designated  as  opening 
No.  13,  (see  Map,)  of  about  ten  feet  in  length,  has  penetrated  the  vein  and  altered  shale. 
From  this  opening  a  cross-cut  has  been  run  about  seventy-five  feet,  evidently  for  the 
purpose  of  finding  a  parallel  vein,  but  without  success. 

On  the  3rd  terrace,  at  the  base  of  the  roof  that  covers  the  vein,  thirty  feet  below  its 
outcrop,  and  about  six  hundred  feet  from  the  brow  of  the  hill,  where  it  terminates  in  that 
direction,  a  shaft,  opening  No.  14,  (see  map,)  ten  feet  in  diameter  and  well  timbered,  is 
sunk  to  the  depth  of  fifteen  feet,  evidently  with  the  intent  of  reaching  the  vein  at  a 
distance  of  about  fifty  feet.  This  work  is  quite  old,  as  shown  by  the  style  of  timbering. 
From  the  appearance  of  the  debris  at  its  mouth,  and  the  particles  of  copper  ore  thickly 
disseminated  through  the  gangue,  it  may  be  that  the  vein  has  already  been  cut.  This  is 
now  being  tested  and  I  have  no  doubt  it  will  show  the  uninterrupted  continuance  of  copper 
ore  from  the  opening  No.  5  at  the  brow  of  the  terrace,  for  a  distance  of  fully  six  hundred 


8 


feet.  I  have  traced  the  outcrop  of  this  vein  on  this  property  for  nearly,  if  not  quite,  two  and 
a  half  miles. 

The  extreme  mineral  height  is  approachable  for  all  practical  purposes  by  a  winding  road 
from  the  river,  and  a  road  has  been  constructed  also  up  the  ravine  to  the  outcroppings  of 
the  vein  on  its  side. 

The  extreme  altitude  of  the  mountain  is  upwards  of  a  thousand  feet,  and  it  is  covered  with 
a  luxuriant  growth  of  heavy  chestnut  and  white  and  black  oak  timber.  The  plateaus  on  the 
mountain  portion  of  this  property,  embrace  quite  large  bodies  of  land,  the  soil  of  which  is 
good,  and  sufficiently  level  for  agricultural  improvements.  A  number  of  fair  sized  farms 
might  be  opened  here,  as  the  topographical  features  of  the  immediate  country  are  such, 
that  practicable  roads  might  be  opened  down  to  the  low-lands,  and  the  timber,  were  it 
desirable  to  appropriate  it  in  this  way,  would  pay  for  the  clearing  the  land.  The  great 
quantity  of  very  fine  timber  on  this  property  is  of  much  moment,  notwithstanding  its 
paramount  value  for  its  copper  ore. 

On  the  north-east  course  of  the  vein,  beyond  "Minebrook,"  I  bestowed  but  a  superficial 
examination,  sufficient,  however,  to  warrant  the  opinion  that  it  continues  well  defined  in 
that  direction,  which  is  very  clearly  indicated  by  the  openings  upon  it. 

I  cannot  avoid  the  conclusion,  that  this  property,  from  its  location,  facilities  for  cheap 
transportation,  food  and  fuel,  water  power,  and  an  abundance  of  very  rich  copper  ore,  is 
very  valuable;  and,  if  managed  with  the  system  and  persistence  with  which  the  copper 
mines  of  older  countries  are  conducted,  it  cannot  but  be  made  very  productive  and 
profitable,  as  its  aggregate  advantages  are  rarely  equalled,  if  ever  exceeded. 

RESUME 

This  property,  containing  by  title  in  fee  and  mineral  right,  upward  of  a  thousand  acres, 
is  situated  on  the  Delaware  River,  about  eight  miles  above  the  water-gap,  in  New  Jersey. 
There  is  a  good  and  convenient  house  on  the  premises,  originally  erected  for  the 
convenience  of  the  miners.  Several  hundred  feet  of  river-front  will  afford  every  convenience 
for  improvements,  and  receipts  and  shipments,  in  connection  with  the  operations  of 
mining. 

"Mine  Brook,"  a  never-failing  stream  of  water,  embracing  two  dams,  which,  with  the  race 
they  were  constructed  to  supply,  can  be  restored  to  their  former  perfection  and  usefulness 
at  a  small  expense,  runs  through  the  property,  and  will  furnish  ample  power  for  preparing 
all  the  copper-ore  it  may  be  necessary  to  manufacture  with  stamps  and  buddies. 

Timber,  for  mining  purposes  and  fuel,  abounds  in  profusion,  and  the  rich  agricultural 
resources  of  the  immediate  country,  will  render  the  necessaries  of  life  abundant  and  cheap. 
The  Delaware  River  affords  every  facility  for  sending  the  ores  to  market,  and  at  a  cost  of 
not  exceeding  a  dollar  a  ton  to  Philadelphia.  There  is,  also,  canal  and  railroad 
communication  to  either  New  York  or  Philadelphia. 

My  geological  survey  of  the  property  commenced  a  short  distance  above  the  second  dam 
on  "Mine  Brook,"  at  an  old  drift,  (No.  1,  see  map,)  about  three  hundred  feet  below  the  brow 


of  the  third  terrace,  which  penetrates  the  solid  shale  for  about  a  hundred  feet,  by  an 
opening  of  about  eight  feet  in  diameter.  The  vein  averages  about  five  feet  in  width,  the 
copper  is  plainly  disseminated  throughout  the  vein-stone,  the  walls  are  regular  and  will- 
defined,  and  every  appearance  indicates  a  true  copper-vein. 

Second  drift,  (No.  2,  see  map,)  one  hundred  and  twenty-five  feet  above,  is  started  on  the 
same  side  of  "Mine  Brook,"  on  the  outcrop  of  the  vein,  five  feet  in  width.  The  dip  of  the 
vein  is  at  an  angle  of  45°,  and  the  walls  are  smooth  and  regular.  All  indications,  here,  are 
favorable,  and  the  green  appearance  incident  to  the  presence  of  carbonate  of  copper  is 
general. 

Forty  feet  above,  on  the  same  side  of  the  ravine,  at  an  indentation,  an  old  shaft  (No.  3,  see 
map)  is  sunk,  to  the  depth  of  about  forty  feet,  on  the  slope  of  the  vein.  The  vein  is  about 
seven  feet  in  width,  walls  smooth  and  well-defined,  dips  at  an  angle  of  40°,  and  traces  of 
copper-ore  are  exhibited  from  the  top  to  the  bottom  of  the  shaft. 

Fifteen  feet  further  up,  on  a  retiring  line  from  the  last-described  shaft,  another  shaft  (no. 
4,  see  map)  is  sunk,  on  the  slope  of  the  vein,  to  the  depth  of  about  forty  feet.  The  vein  is 
upward  of  six  feet  wide,  dips  at  an  angle  of  45°,  and  the  walls  are  smooth  and  regular.  A 
drift  is  run,  westward  from  the  bottom  of  this  shaft,  about  six  feet.  Everything  is  favorable 
here  for  copper-ore. 

About  forty  feet  above,  at  the  brow  of  the  third  terrace,  a  shaft,  (No.  5,  see  map,)  7x5  in 
diameter,  was  sunk  to  the  depth  of  about  twenty  feet,  fifteen  years  ago.  The  vein  is  about 
six  feet  in  width,  its  course  40°  east  of  north,  and  the  walls  are  smooth  and  regular. 
Copper  found  here,  in  bunches  or  patches,  at  a  depth  of  eight  feet,  thickly  disseminated 
in  the  vein-stone,  and  at  the  bottom  of  its  bed,  as  if  it  were  molded.  Here  a  windlass  is 
erected,  covered  by  a  good  shed,  and  miners  are  employed  in  sinking.  In  widening  the 
shaft,  half  a  ton  of  grey  sulphuret,  averaging  thirty  per  cent.,  was  taken  out  at  a  depth  of 
eight  feet,  and  a  number  of  tons,  in  sight,  might  be  procured  by  stoping. 

From  this  shaft,  (no.  5,)  on  a  south  west  course,  the  vein  is  exposed  for  fifty  feet, 
lengthwise,  where  a  shaft  (No.  6,  see  map.)  fifteen  feet  in  diameter,  is  sunk  only  a  few  feet. 
Fifty  feet  further,  on  the  line  of  outcrop,  the  vein  is  again  entirely  uncovered,  and 
considerable  work  has  been  done  on  the  vein,  longitudinally,  in  the  form  of  an  open  cut 
(No.  7,  see  map.)  For  one  hundred  feet  onward,  the  earth  has  been  removed  from  the 
shale,  which  is  of  a  deep  reddish-brown  color,  presenting  an  arched  covering,  fifteen  feet 
in  diameter,  to  the  outcropping  of  the  vein,  which  is  located  in  the  immediate  centre  of  the 
shale,  and  looms  up  like  the  back  of  an  elephant,  —"Elephant's  Back"  being  the  name  I 
have  given  to  it,  there  being  a  less  extraordinary,  but  similar  formation,  in  Cornwall, 
England,  known  as  the  "Boar's  Back." 

The  centre  of  the  "Elephant's  Back"  has  been  perforated,  (opening  No.  8,  see  map,) 
exposing  a  light  ash-colored  vein-stone,  which  shows  small  patches  of  copper. 

Twenty-five  feet  further,  on  the  line  of  the  outcrop,  from  the  point  uncovered,  another 
opening,  (no.  9,  see  map,)  five  feet  in  depth,  is  made  in  the  shale,  which  shows  the  shale 
is  decreasing  in  thickness,  and  the  vein  approaching  the  surface. 
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A  further  elevation  of  thirty  feet,  and  about  two  hundred  feet  from  shaft  No.  5,  at  the  brow 
of  the  hill  or  terrace,  reaches  the  highest  point  of  the  outcrop.  From  the  brow  of  this 
elevation,  about  ten  feet  to  the  right,  a  fine  view  of  the  shale  that  covers  the  vein  on  the 
north  side  is  presented,  which  inclines  to  the  terrace  below,  at  an  angle  of  45°. 

This  natural  roof  or  water-shed  is  the  most  perfect  thing  of  the  kind  I  have  ever  seen. 
From  terrace  to  elevation,  elsewhere  on  this  property,  this  remark  will  apply,  there  being 
some  six  or  seven  terraces  from  the  base  to  the  summit  of  the  mountain,  which  will  supply 
an  inexhaustible  quantity  of  superior  brown-stone,  that  can  be  quarried  out  in  blocks  of 
ordinary  or  unusual  dimensions.  With  the  facility  of  cheap  transportation  by  the  Delaware 
River,  it  might  be  made  a  source  of  considerable  revenue. 

On  the  fourth  terrace,  at  the  distance  of  about  one  hundred  and  forty  feet,  on  the  outcrop, 
from  the  last-described  opening,  a  small  shaft  (No.  10,  see  map)  is  sunk  on  the  vein,  for 
determining  its  character  at  that  point. 

One  hundred  and  seventy  feet  further  another  prospecting  shaft,  No.  11,  (see  Map,)  is 
sunk  for  the  same  purpose,  and  the  vein  encroaches  slightly  on  the  roof  or  covering. 

On  a  cross-line  from  this  shaft,  midway  of  the  roof,  descending  to  the  terrace  below,  a 
drift,  No.  12,  (see  Map,)  is  started  southward,  which  passes  through  the  shale  and  exposes 
the  vein-stone. 

About  ninety  feet  beyond  the  roof  has  been  cut  through,  and  a  drift,  No.  13,  (see  Map,) 
about  ten  feet  in  length,  has  penetrated  the  vein  and  altered  shale.  From  this  opening  a 
cross-cut  is  run  about  seventy-five  feet  for  reaching  a  parallel  vein,  but  unsuccessfully. 

On  the  third  terrace  at  the  base  of  the  roof,  thirty  feet  below  the  outcrop,  and  about  six 
hundred  feet  from  shaft  No.  5,  at  the  brow  of  the  hill,  a  shaft,  No.  14,  (see  Map,)  ten  feet 
in  diameter  wand  well  timbered,  is  sunk  to  the  depth  of  fifteen  feet.  Sinking  is  commenced 
here,  and  the  result  I  think,  will  show  the  continuance  of  copper  ore  from  shaft  No.  5,  at 
the  brow  of  the  terrace  to  this  point,  a  distance  of  fully  six  hundred  feet.  I  have  traced  the 
outcrop  of  the  vein  on  this  property  for  nearly  or  quite  two  and  a  half  miles. 

The  extreme  mineral  height  on  this  property  is  approachable  for  all  practical  purposes,  by 
a  winding  road  from  the  river,  and  a  road  is  also  constructed  up  the  ravine  to  the 
outcroppings  of  the  vein,  on  its  sides. 

The  extreme  altitude  of  the  mountain  is  upwards  of  a  thousand  feet,  and  it  is  covered  with 
a  luxuriant  growth  of  heavy  chestnut  and  black  and  white  oak  timber.  The  land  is  good, 
and  susceptible  of  agricultural  improvement.  A  number  of  good  sized  farms  might  be 
opened,  and  practicable  roads  made  down  to  the  lowlands.  There  are  a  number  of  unfailing 
springs  of  good  cool  water.  This  property  is  very  valuable  for  its  timber,  but  the  paramount 
consideration  is  its  fine  copper  ore. 

On  the  north-east  course  of  the  vein,  beyond  "Minebrook,"  I  bestowed  but  a  superficial 
examination;  enough,  however,  to  warrant  the  opinion  that  it  continues  well  defined  in 
that  direction,  as  clearly  sustained  by  the  openings  upon  it. 
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The  colossal  proportions  of  the  outcrop  on  this  property,  its  continuity  and  great  extent, 
as  clearly  traced,  the  positive  evidences  of  copper  ore  wherever  it  is  opened,  are  conclusive 
proofs  of  value,  which  capital,  a  liberal  charter,  mining  intelligence  and  system  will 
establish,  nature  having  done  its  part  in  relation  to  it  with  lavish  liberality. 

My  surprise  was  excited  that  so  much  wealth,  rearing  its  index  so  plainly  and  boldly  to 
the  view,  should  have  remained  latent  or  neglected  so  long  a  time;  though  the  attempts 
heretofore  made  for  its  development,  were  not  characterized  with  that  comprehension  and 
persistence,  which  are  so  essential  for  redeeming  much  of  the  mineral  wealth  of  our 
country,  from  the  stigma  of  sterility,  so  unjustly  applied  to  it. 

No  country  under  the  sun  is  richer  in  mineral  wealth  than  our  own,  and  nowhere  has  it 
been  so  badly  treated  or  neglected.  Taught  the  lesson,  as  we  are  now  being,  that  the  first 
duty  of  a  nation  is  reliance  upon  its  own  resources  for  real  wealth  and  independence,  I 
think  we  can  anticipate  a  better  state  of  affairs  for  the  future;  for,  instead  of  capital  being 
almost  exclusively  used  for  burdening  our  people  with  the  luxuries  of  foreign  lands,  more 
of  it  will  find  its  way  into  the  decidedly  more  profitable  business  of  developing  our  mineral 
wealth,  an  element  of  immense  profit  and  power  to  other  countries,  as  we  have 
experienced  to  our  cost,  and  which  we  cannot  much  longer  prudently  neglect  in  our  own 
country. 

MONTROVILLE  W.  DICKESON 

Economic  Geologist 

424  Walnut  Street,  Philadelphia,  Pa. 

Philadelphia,  Dec.  20,  1861. 


Philadelphia,  January  11,  1862 

Jesse  Godley,  Esq., 

President  of  Alleghany  Copper  Co. 

I  would  remark  relative  to  my  visit  of  the  7th  instant,  [January  7,  1862]  that  the 
exploration  at  opening  No.  14,  resulted  in  finding  the  shaft  as  stated  in  my  report,  sunk 
to  the  depth  of  about  fifteen  feet,  at  the  bottom  of  which,  a  small  feeder  from  the  main 
vein,  makes  its  appearance  and  has  been  cut,  yielding  small  patches  of  copper-ore,  and 
thus  sustaining  my  anticipations  relative  to  the  continuance  of  the  copper-ore  from  shaft 
No.  5  to  this  point,  a  distance  of  about  six  hundred  feet.  Ten  feet,  additional,  have  been 
sunk  through  solid  red-shale,  proving  its  solidity  and  value  as  a  building  stone,  and  to 
within  about  ten  feet  of  the  main  vein;  the  feeder  from  which,  previously  mentioned,  being 
ample  proof  of  the  existence  of  the  copper-ore  at  this  point. 
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Satisfied  with  the  result  of  this  exploration,  the  mining  force  was  placed  back  to  shaft  No. 
5,  where  a  depth  of  about  forty  feet  has  been  attained.  From  a  thorough  examination  of 
this  shaft,  by  pick  and  gad,  of  fresh  surfaces,  I  find,  the  copper-ore  is  exposed  the  whole 
distance  from  the  tip  to  the  bottom  on  the  north  side,  across  the  bottom  to  the  south  side, 
and  thence,  up  to  the  surface  again. 

On  the  north  side  of  the  shaft,  at  a  depth  of  about  twelve  feet,  the  copper-ore  widened  to 
upwards  of  six  inches,  and  continued  downward  about  seven  feet,  when  the  width  was 
somewhat  contracted,  but  not  interrupted.  Stoping,  if  it  were  judicious,  might  be 
prosecuted  profitably,  but  as  there  is  not  depth  enough  yet  attained,  to  work  upward  to 
advantage,  I  could  not  advise  it  at  this  time. 

Without  any  purpose  of  the  miners,  in  collecting  copper-ore,  about  a  ton  has  been 
incidentally  gathered  in  sinking  the  shaft,  about  half  of  which,  is  barreled,  and  which  I 
have  ordered  to  be  sent  down  per  the  river,  the  first  opportunity  that  offers. 

Sinking  is  now  duly  commenced,  and  matters,  otherwise  connected  with  mining,  have  been 
so  systematized  that  expenditure  and  progress  can  be  clearly  comprehended  at  any  time, 
by  the  stockholders. 

I  have  at  my  office,  specimens  of  the  continuous  geology  of  the  property,  which  arranged 
in  their  true  relation  to  each  other,  show  its  real  character  and  apparent  value  so  far. 

Very  respectfully, 

Yours,  &c, 

M.  W.  Dickeson 

424  Walnut  Street 


Philadelphia,  April  12,  1862 


Jesse  Godley,  Esq., 

President  of  Alleghany  Copper  Co. 


On  the  3rd  of  April  instant,  the  period  of  my  last  visit  to  the  Allegheny  Mining  Company's 
Property,  I  found  that  the  shaft,  opening  No.  5,  had  been  sunk  to  the  depth  of  fifty-nine 
feet,  showing  copper  both  up  and  down,  and  without  interruption  the  whole  distance 
reached.  Hence,  the  evidence  thus  afforded,  relative  to  an  abundance  of  copper  ore  on  this 
property,  as  depth  is  attained,  is  conclusive  to  my  mind  -  the  appearances  improving  as 
downward  progress  is  made  -  copper  ore  is  now  liberally  and  significantly  distributed  in 
the  gangue.  I  deemed  it  best  for  the  present,  however,  to  continue  the  small  force 
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employed  in  the  sinking  of  the  shaft,  though  stoping  on  the  vein  -  very  unusual  at  such 
a  depth  -  might  be  prosecuted  with  success. 

In  conclusion,  I  will  remark  that  this  property  involves  no  expensive  machinery  for 
pumping  water  or  hoisting  ore,  the  workings  being  above  water-level,  which  cannot  be 
reached  in  many  years  of  active  mining;  consequently,  every  dollar  of  expenditure,  instead 
of  being  an  investment  for  preparation,  will  be  rewarded  by  almost  immediate  and 
remunerating  production.  In  fact,  I  never  saw  a  mining  property  upon  which  so  little 
expenditure  was  required  to  render  it  available  as  this.  The  repairing  of  the  old  dam  and 
race  on  "Mine  Brook,"  and  putting  up  stamps  and  buddies,  when  deemed  judicious  to  do 
so,  for  the  manufacture  of  the  poor  or  refuse  ores,  is  all  that  is  required  to  place  mining 
here  in  successful  operation,  which,  with  the  sinking  and  driving,  embrace  every  necessary 
outlay;  any  further  improvements  to  be  properly  deferred  to  subsequent  ability  derived 
from  production,  instead  of,  as  is  usual  in  the  opening  of  a  mine,  running  into  large 
expenditures  -  wholly  unnecessary  on  this  property  -  in  anticipation  of  what  should  be 
gradually  reached  and  without  involvement.  With  such  a  property  and  policy,  I  deem 
success  certain. 

Having  satisfactorily  accomplished  the  necessary  geological  determinations  relative  to  the 
property,  I  now  commit  it,  with  entire  confidence,  to  the  management  of  the  Company  and 
the  practical  labor  of  the  miner. 

M.  W.  Dickeson 
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Chemical  Laboratory,  No.  108  Arch  Street, 
Philadelphia,  May  17th,  1862. 

Jesse  Godley,  Esq., 

President  Alleghany  Mining  Company 

Dear  Sir: 

The  two  samples  of  copper  ore,  which  I  have  examined  at  your  request,  contain  as  follows: 

No.  1.-3  27/100  per  cent,  of  Copper 
No.  2.-  45  56/100  per  cent,  of  Copper. 

I  remain  Yours, 

Very  Respectfully, 

F.  A.  Genth. 

P.S.-No.  1.-  Was  the  vein  stone. 

No.  2.-  The  average  of  the  ore  from  the  Alleghany  Mine  as  you  sent  it. 

F.  A.  Genth. 
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APPENDIX  C 

Keith,  Nathaniel  S.  "New  Methods  in  the  Metallurgical  Treatment  of  Copper  Ores." 
Journal  of  the  Franklin  Institute.  160(August  1905)  147-155. 

The  following  excerpt  is  Keith's  description  of  his  new  method  of  refining  copper. 

Chalcocite,  or  copper  glance,  Cu2S,  when  exposed  to  a  like  heat  in  an  oxidizing 
atmosphere,  as  on  the  hearth  of  a  roasting  furnace,  is  decomposed;  the  sulphur  partly 
distills  off,  and  is  partly  oxidized  to  sulphurous  acid,  S02.  The  copper  is  first  freed  as  a 
metal,  and  then  rapidly  oxidized  to  cupric  oxide.  If,  then,  the  character  of  the  flame  and 
gases  be  changed  to  a  reducing  nature  the  copper  oxide  will  be  reduced  and  fused. 

If  carbon,  such  as  coal,  be  ground  or  pulverized,  and  be  projected  into  a  flame  in  a  furnace 
with  free  access  of  air,  it  immediately  ignites  and  is  oxidized  to  carbon  monoxide  and 
carbon  dioxide.  If  the  air  be  insufficient  to  furnish  oxygen  enough  for  the  formation  of 
dioxide  only  monoxide  will  be  formed. 

The  air  admitted  with  the  powdered  carbon  may  be  sufficient  to  form  at  the  first  stage  of 
the  combustion  only  carbon  dioxide,  but  as  the  action  continues,  the  hot  particles  of  carbon 
absorb  half  of  the  oxygen  of  the  dioxide,  reducing  the  latter  to  monoxide. 

The  atmosphere  resulting  from  this  operation  consists  of  nitrogen,  from  the  air,  and  carbon 
monoxide  from  the  union  of  the  oxygen  of  the  air  with  the  carbon.  There  are,  also,  small 
quantities  of  gaseous  hydro-carbons,  because  of  reactions  due  to  the  presence  of  water  in 
the  air  and  in  the  coal.  This  atmosphere  of  hot  gases  is  ready  to,  and  does,  take  oxygen 
from  hot  oxides,  and  thus  reduce  them  to  the  metallic  state. 

The  practical,  working,  furnace  in  which  the  several  reactions  above  recited  take  place, 
consists  of  a  vertical  shaft  about  twenty  feet  high,  constructed  of  red  brick  with  a  fire-brick 
lining. 

At  the  top  of  this  shaft  are  many  holes,  or  openings,  through  which  the  powdered  rock, 
powdered  coal  and  flames  from  producer  gas,  or  like  fuel,  are  introduced.  The  bottom  of 
the  interior  of  the  shaft  is  inclined  at  an  angle  of  about  45  degrees,  and  this  incline  is 
extended  into  a  dust-collecting  chamber.  The  chamber,  in  turn,  connects  with  another 
vertical  shaft,  also  with  an  inclined  bottom,  dipping  toward  the  other  incline.  The  interior 
of  this  shaft  is  filled  with  pieces  of  coke,  or  small  stones.  This  latter  shaft  is  called  the 
"condensing  chamber."  Near  its  top  is  a  sprinkler  to  distribute  water  over  the  coke  or 
stones,  after  the  manner  of  a  gas  washer  or  scrubber.  The  draft  for  this  furnace  is 
produced  by  an  exhaust  fan  through  a  pipe  from  the  top  of  the  condensing  chamber.  The 
draft  is  downward  in  the  first  shaft  and  upwards  in  the  condensing  chamber. 

The  operation  by  which  copper,  gold  and  silver  are  extracted  from  the  silicious  rocks  is 
described  as  follows: 

The  rock,  as  it  comes  from  the  mine,  is  dumped  from  the  cars  into  a  crusher,  or  a  series 
of  crushers,  which  reduces  it  to  sizes  suitable  for  the  pulverizers,  into  which  it  is 
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automatically  fed,  and  in  them  reduced  to  powder.  The  fineness  of  this  powder  is 
determined  by  the  diffusion  of  the  copper  mineral  in  the  rock;  and  it  should  be  so  fine  that 
the  particles  of  rock  and  mineral  are  no  longer  coherent;  but,  of  course,  still  mixed.  The 
degree  of  comminution  is  measured  by  sieves,  which  may  be  as  fine  as  sixty  mesh,  or  finer, 
or  coarser,  according  to  the  above  requirement. 

At  some  stage  of  this  process  of  comminution  finely  pulverized  coal,  in  weight  about  three 
per  cent,  of  the  rock,  is  intimately  mixed  with  the  powered  rock,  and  the  mixture  is 
deposited  in  a  hopper  above  the  furnace  shaft. 

The  draft  and  gas  flames  having  been  started,  the  comminuted  mixture  of  rock  and  carbon 
is  continuously  fed  into  the  holes  at  the  top  of  the  shaft,  passing  into  the  furnace  with  the 
flames  and  air.  The  particles  of  carbon  and  of  copper  mineral  are  immediately  ignited  and 
oxidized  by  the  oxygen  of  the  air  in  which  the  particles  are  suspended  and  diffused. 

This  oxidation  is  combustion,  and  produces  an  intense  heat.  At  first  the  carbon  particles 
have  their  surfaces  oxidized  to  produce  carbon  dioxide;  but  as  the  particles  pass  further 
down  the  shaft  the  oxygen  of  the  air  supply  becomes  exhausted,  and  then  the  carbon 
dioxide  parts  with  half  of  its  oxygen  to  the  unburned  incandescent  carbon  to  form  carbon 
monoxide,  which  last,  in  its  turn,  acts  upon  the  oxides  of  copper  and  silver,  taking  their 
oxygen,  thus  reducing  them  to  the  metallic  state. 

As  the  heat  is  intense,  these  particles  of  metal  are  melted  and  assume  globular  shape. 

The  gold  particles  are  likewise  fused.  The  heat  does  not  fuse  the  silica  nor  the  lime.  The 
result  of  this  operation  is  a  sand  carrying  in  it  minute  globular  particles  of  copper,  gold 
and  silver. 

The  dust  and  condensible  gases  are  collected  on  the  wetted  surfaces  of  coke  or  stone  in  the 
condensing  chamber  and  washed  by  the  water  to  the  bottom,  where  the  water  also  meets 
the  sand  and  carries  it  out  of  the  furnace,  in  a  constant  stream  upon  concentrators,  which 
separate  the  sand  from  the  metal  particles. 

The  metallic  concentrates  are  then  dried,  melted  and  cast  into  merchantable  shapes;  such 
as  copper  anodes,  when  there  is  enough  gold  and  silver  to  pay  for  the  expense  of 
electrolytic  refining  and  separation  of  the  associated  metals. 

The  process  is  a  continuous  one  and  automatic  from  start  to  finish.  It  is  cheap;  and  under 
the  economic  conditions  of  the  localities  we  have  considered  the  cost  does  not  exceed  one 
dollar  per  ton  on  a  scale  of  treatment  of  one  hundred  to  two  hundred  tons  per  day  of  24 
hours. 

The  gas  drawn  from  the  furnace  by  the  exhaust  fan  is  a  combustible  one,  consisting  mainly 
of  carbon  monoxide  and  nitrogen,  and  may  be  used  for  heating  purposes.  The  sulphur 
dioxide  and  carbon  bisulfide,  if  any  of  the  latter,  are  condensed  in  the  chamber  and  pass 
off  in  the  water. 
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APPENDIX  D 

W.M.M.  "Pahaquarry  Copper  Mine,  Warren  County,  New  Jersey."  War  Minerals 
memomrandum.  College  Park,  Md:  United  States  Department  of  the  Interior, 
Bureau  of  Mines,  August  1942. 
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Report  of  the  Bureau  of  Lines  to  -on.  Harold  L.  Ickes, 
Secretary  of  the  Interior. 

TIE  rAHAQuVJGY  COPPER  LIKE 
Warren  County,  Not;  Jersey 

-  Copper  - 

STjlillHT 

The  Pehaquarry  Copper  Nine,  in  V.arren  County,  New  Jorsoy  is  the 
oldest  nine  worked  by  the  white  race  in  this  country. 

The  copper,  occurring  chiefly  as  chalcocite  in  narrow  sandstone  beds, 
is  found  elong  seams  end  joint  planes.  Although  it  outcrops  over  consid- 
erable distances  and  over  a  vertical  range  of  about  2^0  feet,  the  ore 
occurrence  is  spotty,  Tho  Paha quarry  Copper  Nine  offers  little  opportunity 
for  the  development  of  commercial  copper  and  no  further  work  is  recommended 
by  the  Bureau  of  Nines, 

1/  These  memoranda  present  tho  facts  reported  by  Bureau  of  Nines 
Engineers  regarding  the  properties  for  which  no  further  consideration 
is  recomended.  Therefore,  they  should  bo  treated  as  confidential 
for  tho  scle  use  of  Bureau  employees.  They  should  not  be  given  ou"t 
to  the  public  or  to  the  owners  of  the  properties  concerned, 

2/  The   investigation  was  under  the  general  supervision  of  Paul  N.  Tyler, 
Pogional  Engineer,  Bast  em  Bsgion.  The  examination  of  tho  property  was 
made  by  G.  D.  Jormain,  District  Engineer  for  tho  states  of  Pennsylvania, 
Narylond,  Nov:  Jersey  end  Delaware. 


ETTEDDUCTIOIJ 

The  Pahaquarry  Copper  Mine  was  essr.ined  by  an  engineer  of  the 
Bureau  of  Llinos  on  August  12,  19^2. 

The  property  is  owned  by  the  Boy  Scouts  of  Trenton,  ]*ew  Jersey, 
and  is  located  along  the  southwestern  slope  of  Flttaning  Mountain 
in  Pahaquarry  To'jnship,  VTarren  County,  Hew  Jersey, 

EXSTOHT 

In  the  early  seventeenth  centcry,  sons  Dutch  settlers  froa 
Mow  York  purchased  a  tract  of  land  obout  ^0  miles  in  length  along 
the  Delaware  Piver  just  above  the  Delaware  T.'ater  Gap.  It  was  not 
Ions  before  the  Dutch  discovered  the  copper-bearing  rocks  and 
cade  several  openings  prior  to  l66o. 

Since  the  original  venture  by  the  Dutch  settlers,  the  nino  ha3 
been  wcrked  intermittently,  with  no  narked  success  by  various  com- 
panies. It  is  reported  that  nary  Pennsylvania  end  Hew  Jersey  inhab- 
itants lost  large  suns  in  these  ventures. 

The  nine  was  worked  in  1G^7  tz&   l£o2  by  the  Allegheny  Mining 

Conpany  cf Philadelphia.  Sons  development  work  was  done  but  no 
cheep  method  was  found  for  eztrecting  the  low-grede  ore. 

In  1501,  the  Montgomery  Gold  Leaf  Mining  Conpwjr/  of  3elvldsro, 
IJsw  Jersey,  acquired  the  nino.  During  the  period  1905  to  1211 1  con- 
siderable work  and  money  was  put  into  the  property  under  the  dir- 
ection of  Dr.  17.  S.  Keith.  A  double  treck  tramway  wa3  built  from 
the  mine  to  the  mill.  A  mill  of  200  tons  daily  capecity  was  erected 
that  incorporated  several  ideas  of  Dr.  Hoitk.  After  a  trial,  this 
venture  also  failed  and  no  attempts  have  been  nade  to  work  the  nine 


since  that  date. 

The  nine  lies  on  the  southwest  flank  of  Kittanning  I'ountsln. 
Che  topography  Is  rugged  and  the  mountain  i3  cut  by  deep,  narrow 
ravines.  The  Delaware  River  is  located  about  half  a  nils  west  of 
the  nine.  Sufficient  tinber  for  all  ninlag  purposes  is  availablo 
on  the  property. 

iescriptioi:  0?  mi:  deposit 

The  oro-bearing  beds  crop  out  on  the  west  side  of  a  ravine, 
locally  known  es  Mine  Run,  whieh  opens  on  the  Boy  Scout  Canp. 
This  erposurc  i3  about  150  feet  above  the  level  of  the  Dele7.*are 
River  and  the  highest  outcrop  is  ebout  2^0  feet  above  this. 

Zh&   copper  occurs  in  rod  and  gray  sandstones  with  intorbeddod 
shales.  The  strike  of  these  bods  in  the  vicinity  of  the  nine  is 
i:.oO°T.  and  dip  Ko°   to  50°  northwest.  Thero  is  a  slight  flexure  in 
the  beds  near  the  ravins  but,  in  general,  they  have  unifom  dip  and 
strike.  That  portion  of  the  bed  which  is  copper-bearing  is  composed 
of  gray  sandstone,  varying  in  thickness  fron  2  to  6  feet,  and  is 
separated  by  reddish  shale  beds  varying  fron  6  inches  to  2  feet  in 
thickness.  T^5   sandstone  in  places  approaches  a  cusrtzite  and  its 
tenure  varies  fron  fine  to  coarse.  Copper-bearing  sendstono  is  a 
nenber  of  the  High  Tails  sandstone  that  foms  a  second  ridge  on  the 
northwest  flank  of  the  Kitt  aiming  Range, 


Luis  ucismqsAiD  phzsz::?  piaet  etctallaticii 

The  ore  v*as  largely  nined  in  the  past  by  open  pit  methods  along 
tho  highest  outcrop.  This  was  accomplished  by  stripping  about  20C0 
feot  to  an  average  depth  of  about  Uo  feet.  On  tho  slope  leading  to 
Lline  lam,  several  shallow  shafts  are  located,  but  tho  workincs  ere 
not  extensive.  In  the  ravine,  an  adit  about  lp*0  feet  in  length  was 
driven  into  tho  mountain  but  did  not  disclose  any  extensive  mineraliz- 
otion.  At  present  only  tho  foundations  of  the  eld  nill  and  bin  remain 
as  visible  evidence  of  femer  operations, 

P0S3LTIZ  IECZK723 
£cma  accounts  state  thct  considerable  copper  ore  still  remains 
in  this  nine,  rlowover,  all  visible  evidence  indicates  that  the  ore 
beds  are  narrow  and  that  the  ore  occurrence  is  erratic,  lTater  did 
not  present  a  problem  to  tho  operators,  therefore,  the  shallow  work- 
ings in  depth  nay  indicate  shallov/  mineralization  and  lack  of  ore. 

THE  0H3 
The  red  end  black  or.ides,  end  the  blue  and  green  carbonates  of 
copper  are  found  on  the  surface.  However,  these  minerals  ero  not 
abundant;  chaloocite  is  the  principal  copper  mineral.  It  occurs  es 
minute,  dark  nodules  in  thin  seams  sometimes  elong  bedding,  or  joint 
plane 3, 

CONCLUSION 
3ecause  of  the  lack  of  evidence  of  sufficient  mineralization, 
no  further  work  is  proposed  en  this  property  by  the  Bureau  of  Llines 
et  this  time. 


^^A 


'  MILES        yTr,>fe; 

Figure  I  —  PAHAQUARRY  MINE,  N.J.  ^£^ 


Old   Bin  At  The  PAHAQUARRY  MINE 


Old  Mill  Foundations 


APPENDIX  E 

Cornwall,  H.R.  "Pahaquarry  Copper  Mine,  Pahaquarry,  New  Jersey."  Washington,  D.C. 
United  States  Department  of  the  Interior,  Geological  Survey,  June  1943. 
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^LS11     C0KFIDENT1AL 

FOft  U3S  Or 

AXT.1ACT  orc'.r 

?ho  Pahaquarry  cepper  cine  is  located  in  TTarrcn  Ccur.ty,-'!.'ew  Jersey, 
13  tilloo  northeast  of  Columbia,  K.  J.,  and  cno-quartcr  adle  east  of  tho 
Teiararo  Paver.  The  ere  occurs  as  vcinlcts,  knots  and  fine  diescninated 
specks  of  copper  minerals,  principall7  chalccsite,  in  a  gray  quartzito. 
The  writer  estimates  a  cinir.un  inferred  tennage  of  2,/,35>OOD  tons  of  low 
grata,   siliceous  ore. 


Tho  I ahaquarry  copper  nino  is  located  in  l.'arrcn  County,  I.ctt  Jersey, 
in  the  tOT.Tirhip  of  Pabaqunrry.  It  is  13  riles  northeast  of  Columbia, 
11,   J.,  the  nearest  tccossibie  village,  on  a  fairly  good  secondary  read 
r.hich  follovfs  the  east  bank  of  the  Delegare  liiver.  Tho  rr.ain  workings 
are  in  a  quarry  about  350  feat  above,  and  cne-quarter  silo  east  of  tha 
bolawsro  hiver* 

Pahaquarry  has  had  an  interesting  history.  It  was  ono  of  the 
oldest  ;cir.ing  operations  in  the  eastern  United  States,  being  first 
vcrked  by  the  Dutch  about  1650.  fining  and  quarrying  have  continued 
sporadically  ever  since  The  last  intensivo  work  was  done  during  tho 
period  19CO-1911  by  the  L'er.t go=ery  Gold  Leaf  lining  Oorqpany  under  tho 
direction  of  Dr.  K.  5.  Keith,  chief  engineer.-  Tho  quarry  along  the  top 
c.f  the  ridge,  or  "*Matorr.hcd,"  as  it  was  called  by  tho  ciners,  was 
systematically  trenched  and  sampled.  Also  several  exploratory  inclined 
shafts  and  adits  were  driven,  apparently  at  this  tir«.  Keith  claira  to 
have  taken  100  car.ples  which  evereged  about  %   coppor.l/  Thi3  enter- 
prise failed,  according  to  Phyfo,  because  the  aethod  adopted  by  Keith 
for  tho  separation  of  tho  copper  fron  the  ere  wa3  not  workable.  A  200 
ton  cill,  two  Z>D-f oot  "shaft"  furnaces,  end  a  double  track  tranway, 
connecting  tho  quarry  with  the  rJ.ll  wore  all  built  before  it  was  dis- 
covered that  Keith's  cethod  of  separation  cf  the  cepper  was  not  workable. 


1/  Phyfo,  T.\  L.,  Copper  deposits  cf  Kew  Jersey:  Princctcn  Univ.  senior 
thesis,  1?33. 
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l>.  S.  CLOU  SUR/E* 

CONFIDENTIAL 

for  uss  o? 

U.  9.  GOVERNMENT 
CNLY 

The  r_ill  and  adninj;  property  of  Pahaquarry  are  new  ownod  by  tho 
I'oy  Scouts  of  /.reriza,  Washington  Council,  Trenton,  11,  J.,  who  nain- 
taln  a  boy's  cazp  curing  the  suzarcr  at  tho  old  niil  cite. 

The  deposit  has  been  described  by  K.  .'.  iicith  2/  end  \\   L.  rhyfe  1/ 
arcnj  others. 

G-CLCCY 

Tho  High  Falls  forrjntion,  of  Silurian  age,   is  a  nentcr  of  a  thick 
Paleozoic  eedir.cntary  sequence  of  r^irine  origin*     It  ha3  a  unifenr. 
strike  of  li.    53°-55°  £.,  end  uniforn  dip  of  ljjc~!t5°  lffl.  at  Fihaquarry. 
It  is  a  resistant,   ridgo -for/zing1  rr.snbcr  of  the  strati  graphic"  cecticn. 
Tho  Pahaquarry  ridge,  cr  "V.'atorshed,"  is  a  subsidiary  ridge  on  the 
northwest  fisru:  of  the  uain  Kittatiny  itidgc. 

Tho  copper-bearing  horizon  in  the  I:i£h  Falls  fcriraticn  is  a  auissive 
gray  quart  site,  containing  occasional  red,  noro  cr  less  shaly,  lenses 
one-half  to  t*o  feet  thick.     It  outcrops  along  the  crest  of  the 
''Y.atorshed"  *7hcro  it  has  been  exposed  for  apsroadjaaiely  50  feet  dovrn 
the  dip,  and  9CO  feet  along  the  strike  of  tho  inclined  beds  c-y  quarrying 
and  erosion.     To  the  northeast  the  r'..ztershcd:!  is  truncated  by  a  ravine 
up  to  150  feet   deep  called  i'_Li:e  ,\un.     The  trook  occupying  this  ravine 
ficrcs  nor  threat  into  the  L'elawaro  flivcr.     Cn  the  southwest  the  "Water- 
shed" is  crossed  by  another  streaa  rrhich  Likewise  florrs  into  tho 
Delaware  :iivcr.     Along  the  soutl  west  sice  of  llir.e  Kun  the  cepper- 
bccrir.g  bed  outcrops  airiest  continuously  for  550  ft.  rfoi.n  the  dip. 

L'lr.crclorr. — The  ratailic  ninerzls  cccuying  in  tho  J!igh  Tails 
copecr-boaring  cuartzite  are:     r.agr.etito  (Fe-sO^),    chzicecite   (Cuo3)» 
bcrnito  (Cur?e£:-j,  ccvsllite   C'JuS),  cuprite  CCu-0),  ralachito  (CuV(OK) 
£CC>3>,  i-jr.il  li-sanits   (i-e^Gn.r.I^O)* 

liapr.etit6  is  present  in  all  the  pzlishou  stations  as  discrete, 
cft.cn  irregular  but  scr.ctinez  subhedrai  (triangular)  cr  rounded  grains, 
C.01  to  C.05  cn  in  diar.eLer.     Tno  arjillcr  grains  are  usually  irregular, 
occupying  tho  interstices  betrcen  quarts  grains.     Tho  zzagnotita  is 
ovenly  disseziinatod  throughout  tho  copper-bear ing  quai'tzita. 

Chalcocito  is  abundant  only  locally  as  rich  vuinlets  and  knots, 
and  as  disccziinated  irregular  grains  .CI  to  0.06  cm  in  diameter.     There 
are  two  varieties,  one  blue  tT2'jt  the  other  gray,  both  isotropic.     They 
eft  en  fom  intergronths. 
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Bcmito  occurs  with  tho  chalcocite  as  irregular,  rounded  inclu- 
sions or  cub- graphic  intcrgrorrths. 

Covcllite,  likewise  associated  with  chalcocite,  is  rare. 

Cuprito  and  aalachito  are  quite  cccr:on  as  sects  replacing  chalco- 
cite, cr.d  occasionally  as  vcirJets.  Soc.etir.es  tho  grains  contain 
specks  of  unaltered  chalcocitc. 

Tho  woathcrcd  outcrops  of  the  copper-bearing  quartcito  are  usually 
spotted  with  linonite  specks  abcut  1  ks:  in  cianotcr*. 

Occurrence  of  coor-gr.-—  Exploration  and  development  have"  been 
largely  confined  to  a  AO-foct  horizon  ia  the  aodcratcly  dipping  gray 
quart  cite  (see  pis.  1  and  2  and  fig.  1),  Tho  richest  occurrence  of 
copper  is  at  the  coin  quarry,  A  co.~pcsito  sample  fron  thi3  area  ran 
C.33£  Cu.  Tho  assays  in  table  1,  p»  3  indicate  that,  although  the 
copper  mineralization  cmy  bo  unifora  throughout  tho  tO-foot  horizon, 
the  rock  is  low  grade,  averaging  frca  0.1  to  0.2  percent  copper. 
Locally  thcro~aro  rich  ooans  up  to  two  inches  across,  and  knots  up  to 
three  inches  in  diameter,  of  chalcocite.  Surrounding  these  tho  qucrtcito 
contains  di63eciinated  chalcocite  grains.  The  rich  chalcocite  eea-T.s 
usually  occupy  fractures  which  aro  parallel  to  the  bedding.  These 
fractures  also  often  contain  vuegy  quarts. 

Tablo  1 

P.cck  analyses  of  the  Fchaquarry  copper  nine,  Fahacuarry,  *.'.   J. 
Sample       SiO^         /VI5O3  CaO        £gO  Cu  Ko  S  H20 

0.19X       2.6/4='         C.O^  2.a5* 

C.32*      2.65^        0.0^  2.50* 

0.73"     2.115;      0.31* 

q\u% 

0.13S 

0.113 

0.21% 

0,3^ 


£71a 

75.592 

12.312 

STlb 

1 1.,  .03,-3 

13.15s 

SFlal.'J 

7A.e?.£ 

9.C7£ 

37211 J 

79.11>; 

9.23* 

z?y.u 

£0.^9* 

C  •£/*/? 

z?u:j 

SF5ICJ 

SF63.V 
SFSN'J 

U.  S.  GEOU  5UWEY 

COHPI  DEE)  UAL 

ret  us=  c? 

u.  s.  cc*/£n:it'.ssrr 
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Location  and  description  of  sar.pleo  in  Tablo  1 

fanrlc      Analysis  by 

EFla  USCS  Chen  Lab  part  1* 

SrlaJ.'J  Ledoux  composite  sar.ple  of  tho  nain  quarry  and 

Srib  UrGS  Chen  Lab  part  2  •  r^iin  ore  cusp. 

SI'Z'IJ  Ledoux -  corposito  sarplo  of  trenches  1,  2,  and 

northwest  LO  ft.  of  3. 

S?3."«f      " ecu^hoast  220  ft.  of  trench  3. 

SF4!.'J      H cosposito  sanplo  of  tronchos  4,  5t  end   6. 

S?5V>J               n co.r.posito  aar.plo  of  tunnel. 1. 

SYoUJ               " composite  sarplo  of  tunnel  2, 

SFSIiJ      M composite  sanplo  of  nain  quarry. 

QUE  F.IL5I?.\'3S 

The  copper  aoea7s  in  table  1,  p.  3,  together  tdth  a  study  of  over 
40  polished  sections  indicate  that  tho  copper-boar  in  £   quart  cite  i3 
nincralizcd  unifomly  for  at  least  6>0  foct  coim  tho  dip,  over  1,000 
feot  alon£  the  strike,  and  40  feet  acros3  tho  bedding-.  Tho  average  of 
the  assays  is  0.22  percent  copper.  "Jsinf;  a  tonnage  factor  of  13  cubic 
feet  per  ton,  there  aro  approximately  2,000,000  tens  in  this  bloc-:.  It 
is  too  Ion  £Tado  to  bo  rorkablo. 

In  tho  main  quarry  and  in  a  siaall  cut  at  the  northwest  end  of 
trench  4,  the  cuartcite  contains  r.ora  copper.  A  conposito  sanplc  taken 
at  the  cain  quarry  ran  0.33  percent  cepper.  Assuming  tho  beds  in  the 
cain  quarry,  and  in  the  block  between  it  and  trench  4  to  be  unifor.ily 
rineralieed  to  this  crc-rio  for  A  rddth  of  40  feot,  19,00-0  tens  of  ore 
could  be  quarried  without  stripping 


Tho  trriter  reconvenes  that  no  core  vork  be  done  at  the  rahaquerry 
copper  nine.  The  tennago  is  lcr^o  but  th9  grade  is  too  Iotv.  It  rdght 
be  possible  to  nine  a  few  thousand  tons  cf  0.4  percent  copper,  but  the 
coot  per  ton  "Kould  bo  high  on  such  a  snail  tonnage. 
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s5cction  B-B1         I  in.  =  ZOO  ft 

Uniform  copper-  mineralization  as  indicated 
bi^    7tKncKci,  3  inclines  &  -2  Tunnels 

Uniform  copper  mi  ner*ali  zat ion  a-.s  indicated 
bu     I   trench       a+    main      ^uarrij 


'lg.    1      Cross    9ectl3n  B-3'    of  the  whole  area   developed. 
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Tree ti on;     7ho  property  ia  located  cloni  the  southwestern  sl-pe-  of  Kittening 
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"ountain  in  rah^quarry  Township,    ?hi  nine  is  cbout  13  niloo  northeast  of 
Columbia  end  one-quarter  silo  cast  of  tho  Iclc\;era  River - 
v 'story  g     Tho  rin?  vae  worked  first  in  16£0.     Mining  and  cuarr;.-Lvj  hava 
continued  sporadically  over  a -.nee.     Tho  1-st  intensive  iior':  t.uS  done  dx,'i:\; 

-rop-rt;-  cro  r.o\*  ovned  by  the  Toy  f coats  of  A:--::ice,  Vae:  in~ton  Cour.:il, 

restriction  of  tiv*  T----ositt     7h~  or?  occuxs  e.3  vcinlctc,  knots,  ens  fine 
disse-iin&tcd  specie:  of  copper  :d  nereis,  principally  chalcosito,  in  s  r;ray 
q-crtsitc  ncr-ber  of   iho  Silurian  a~o  Kich  Falls  forastion.     Tho  deposit  . 
is  esti-atcd  to  contain  2,000,030  torsi  of  rock,  assaying  0,02^  copper. 

/  rer/.est  was  nsdo  by  Yr.  reniel  *.  rerlo,  Scout  "5:ar:tiv«,  tlVt  thn 
V,  L',  lureau  of  Mines  survey  and  nako  deep  test  Vorin~s  on  the-  property* 
To  cct«  r.3  drilling  hss  bscn  done  by  th*  Pureea  of  Mines,     In  a  r.zr.o  to 

*  •     <-  »     ..•     •  -v. «.,  ,w»*,    \.  ;'iu4i.j,    4. ww-  ->  i     *»J        .  I-     .  .u-\:<*  UJ.  ,     -J  »     w  •     •  •■—  (.«.-.    v.-     .  .•.!--.>•; , 

v.4-  .-i^ez  -  _  4.... .  »n_,  v -•   -..c  rot;-ss«»,  ciucs  ui.s  rcpo- vs  s.e   .  -.  -,i .    w»-vC->««# 
"I.rth  r-porta  indicts  a  lerpe  quantity  of  low  ;rsdc  or-,  a.?d    .oV  r^pcrts 
o;ecfcion  tho  advisability  of  riining  by  priveto  enterprise," 
•T'r  '-y*  t:"?  Purcs-i  of  ?:incs»     Jr.  examination  of  the  rlno  ves  r.ci'o  in  lyh.2. 
*!;•■*   ';:-.ir.:rc  opinion  of  t-.r  -:in~   colncidro  v:  th  tho  L-.t^cr   :\:o  reports 
no tad  above, 
^f?r--cc.;   (26)   (27)   (23) 

"oe.'-.ti  mi     Tvonty-cno  rJ.ncs  rod  rrospcots  e.r-2  lccctcd  alon;-  s-   fast-uaot 

belt  r.'»rj!t  3  r.ilos  north  of  :*cc,^cti,.oto:-.*n. 

"trio — :     Th--  above  n:nrs  e:x?  liato-  in  th~  Ceolo-icr.l  f-irv-*  of  *."av  Jersey, 

--      ••         -•       -      f      -.—Jf     * -•  .    -■-     .-         '■-     --  —4      ..— Jl.  u» 


rescript! on  of  thn  repesitsi     The  deposits  ccc.tr  as  mineralised  sonos  in  the 
prc-Csi£:rian  -ncisces,  previously  r.cntior.cd  in  this  survey.    Although  the  ds- 
r-osits  aero  riincd  in  th?  prst  for  their  ircn  content,  they  are  of  interest 
in  thr?  pr  sent  curve/  because  of  thrir  high  sulfur  content  (up  to  3  P2rccn* 
sulfur) •    It  is  possible  that  if  thn  deposits  in  the  lyrcr.  gnoiao  bolt  arc 
main  rained,  tho  quantity  of  sulfur  that  could  be  recovered  fron  tho  ore 
nl'ht  represent  a  significant  eomcrcial  factor,     Tho  figure  for  sulfur 
recoverable  sight  possibly  Gneunt  to  a  nillion  tone, 

•'•or!;  by  tho  r-ureau  of  Minos  t    A  crest  rmber  of  the  magnetite  deposits  in 
the  !*cw  v'crscy>  Eyran  cnoiss  belt  have  boon  c;ca.uinod  by  tho  Eurcau  and  eono 
drilled.     Reports  on  tho  deposits  investigated  ham  not  been  listed  under  the 
Culfur  Survey  as  the  data  on  sulfur  content  available-  in  tho  reports  are 
insufficient  to  na!ce  oven  an  "Inferred  Cro"  roservo  estimate. 


references* 

(1)  •:?  Minerals  MQr.oranf.in  or.  Sch'iyler  or  Arlington  Copper  Itine,  by 
C.  ".  Jc  renin,  Feb.  I?!:  3. 

(2)  V.  L-,  Coolorical  Survey,  Cor^idmtifil  Hooort  on  Scaler  or  Arlington 
Copper  Mine  by  K,  n.  Corm;all,  I.'ov.  191:3*. 

(3)  I-cui:.,  J.  v.,  Copr.cr  fcoosits  of  the  .lev  Jersey  Trincsicj  Icon.  Ceol. 
."Vol.  2,  jp.  21^2-2^7,  1507. 

(!;)  Icrtoa,  ::.  I!..  U.  £•  ecological  Survey  Goal.  Atlas,  Bw  ?ori>  City 
Folio  (::o.  83;  1502. 

(5?)  Coo!:,  G.  !!.,  ecology  of  lieu  Jersey,  p.  650/1265. 

(6)  U,  o.  Lureau  of  :  lino  a,  V.\''.K.  by  C.  r.  Jcmain,  Juno  l?li3. 

(7)  lewis,  J.  7.,  Annual  He-pert  of  tho  State  C-colo-int,  ^t  l$yiSh9  1?06. 
(3)  *r.  £#  rarcci  of  r'ines,  K.M.::.,  by  G.  ?.  Jcnacln,  February  l?i-3. 

(9)  U.  E.  Bureau  of  Mirac,  V.M.M.,  by  C.  D.  Jcrsain,  Kerch  19l3. 
(10)  Geological  pjsrray  of  lieu  Jersey,  Vol.  VU,  "Iron  Minse",  1910,  P.  37"*. 

fl2^    ro~w*»a«.   -•*•   ft- *■*»***£ •>    '!"-*r*      r>— ».-.•» «i  «•*' V*«vj-i     i.r  y  •»       v-r  t      -     ^  * -» i  j  .»-- 

V,  X^  y      I'^/iJi.  UJ     .£     ...••. w.  W*  U     w.j-_v_)     .._  ..»•«*    U-     i.+iSJu%     !..•-••••,     «-v      *'*     *'•     "»—  ■ '  r  "  ■»  J 

(13)  "J.  1-.  ruresi  or  Mines,  V.y:.  report  by  C  r.  Joiaain,  Key  1?U;. 

(1L)  *J,  :.. .bureau  or  Mines,  kV:#*:#j  by  V.  J,  lynch,  August  Iy2i3* 

(15)  Corner  Ksndt-oo!-:,  Pol.   \ZZ7,  p.L, 

(15)  rr.  C.  Durcau  of  Mines,  v;.*:,!!,,  by  G.  I>.  Joresin,  Aujust  ie!i3# 

(17)  Cook,  C-coteo  !!.,  Coolo-y  of  V.c\r  Jersey,  1C63, 

(12)  Arr.ual-  Fcncrt  of  the  Stetc  Coo  legist,  Ms;;  Jersoy  Geological  Survey* 
1?06,  p.  150. 

(1?)  U.  S.  Eurr.su  of  Mines,  l.V  :,>!.,  by  C-.  £.  Jeivain,  August  1?1.2« 

/'•IN    •:      -      ■:.,».-..,    -.^  «•■•,.-.„      t w-  *•      r      A-"- —  -t«^     »•• 


Kev  Jcreoy  -  References  csr.f  d» 


(22)  17.  C,  Eureaa  of  !^lncs,  V.X.V.,  fcy  0.  T,  Jensain,  Jima  2#5« 

(23)  GcolOTissl  Surrey  of  ::cv  Jcrco^,  Tel.  VII,  "Iron  riinac",  2910, 
pp.  2.7-26?. 

(21;)  7,  S.  rsrecu  of  I'lrssz,  V.M,::#,  b>-  7.  J.  Lynch,  SCcreh  l?k3. 

(2-0  Speijccr,  A,  c,  U.S.G.S.,  Tolio  V.o.  lSl. 

(26)  Cornwall,  H.  R.,  U.S,C»S,,  "nahaquarxT'  Copper  :*dncs!,J  June  l?!^, 
Cpca  nio  Cstobor  1?J£. 

(27)  Woodward,  H.  P.,  "Copper  Y±£v->3  Mines  end  J'lairr;  in  Vcv  Jersey", 

tr&llshed  b/  the  Stato  rc-pai-cricni  of  Conecrvatio:i  end  rsvclop- 
haabt  2$hk* 

(2S)  U.  C,  Direau  of  !!ines,  tf.2r.2U,  V  G.  r.  Jersain,  Aujusfc  19^» 


_2— 


APPENDIX  F 

Woodward,   Herbert   P.    "Pahaquarry   Mine."   Trenton,   N.J.:   State   of  New   Jersey, 
Department  of  Consevation  and  Development,  1944. 


43 


APPEIDIX  I 
Report  by  Herbert  P.  Woodvmrd 
Dept.  of  Conservation  and  Development 
State  of  IT,  J. 


Ml 


PAHACiUARRY  M  BIS 


Locationi 


Tho  old  Pahaquarry  (Pahaquarrl  or  Pahaquarra)  copper  dig^in^s 
are  aituatcd  noar'tho  forcuer  clto  of  Disaick'B  Ferry   acroao  Dela- 
ware aivar,  0  miles  above  tho  town  of  \Yatergap  and  20  mile  3  south- 
vo3t  of  (below)  Ulnialiik  Island.  Tho  locality  ia  about  6  nilos 
southwest  of  Flatbrookvillo  and  i3  approximately  two  miloa  duo  north 
of  Kt#  Vernon,   It  Is  aituatcd  in  Pahaquarry,  Township  of  VTarron 
County,  about  half  a  mile  from  tho  southeast  bank  of  tho  river,  Tho 
nine  property  and  old  buildings  now  belong  to  tho  George  l?a3hinston 
Council,  Boy  Scouts  of  America* 

It  is  difficult  to  roach  tho  mlno  by  automobile,  tho  only  routo 
being  the  partly  improved  road  which  follow3  tho  southeast  bank  of 
tho  Dolawaro  between  Dunrifield  and  Millbrook.   An  old  wagon  road  for- 
merly crossed  Xlttatinny  Mountain  from  tho  ferry  to  Mb*  "Voraon,  but 
this  routo  io  now  impassable  for  automobile  traffic 

Tho  mine  openings  lie  on  tho  northwest  riank  of  Klttatinny..  Koun- 
tain  at  an  olovation  of  about  6£0  foot  above  aoalovol*/;  The  mountain 
olopo  ic  rocky  and  mostly  wooded;  for  except  along  the  river/. the 
region  is  poor  farm  land  and  is  thinly  populated.  Long  ago,  howevor, 
tho  road  past  tho  mino  waa  an  important  colonial  highway ,  then  widely 
known  as  tho  Old  "Ino  Road.   In  Deacmbor,  177o>  General  Gatoa  marched 
down  this  road  with  sovon  regiments  to  reinforce  V/ashinston's  depleted 
army  only  throe  days  before  tho  famous  crossing  of  tho  Dolawaro^ 

About  i860  tho  property  was  investigated  azaln,  apparently  by 
Philadelphia  interests/  and  some  of  tho  lon^- abandoned*  workings  were 
cleaned  out.   Samples  of  ore  wore  assayed,  and  active  minins  was  con- 
templated. Tho  oro,  hor/ever,  was  found  to  be  too  poor  to  work,  and 
nothing  resulted  from  the  venture*  Tho  mines  a^ain  lay  idle  until 
1363,  at  which  time  they  wore  owned  by  Mr.  Koy3or  of  Uaino3bur#,  who 
oxplorod  tho  old  tunnois  and  rcportod  that  thoro  was  then  one  adit, 
l£0  feet  lonr*,  and  an  inclined  shaft.  An  unsuccessful  attompt  was 
nado  to  open  the  mines  about  1900,  but  nothing  oamo  of  it  sovo  to  re- 
direct attontion  to  tho  former  mining  history,  begun  Z$0   yoaro  before. 

In  1901,  tho  i!ont£omory  Gold  Loaf  Mining  Company  bought  1,020 
acres  of  land  from  Philip  Godloy  of  Philadelphia,  including  the  old 
copper  v/orkin^s.  Tho  company  prospected  widoly  over  tho  area,  and 
cus  oomo  new  cross-cuts  at  several"  points.  It«  D»  Doehlor  of  Bolvidore 
waa  socrotary  and  0.  n.  Doehler  was  president  of  the  conpanyj  which 
sold  minin3  stock  mostly  to  residents  of  tho  near  vicinity.  Some 
token  mining  was  done,  and  one  of  tho  now  tunnels  is  reportod  to  have 
penetratod  tho  mountain  for  2I4.O  feet.  By  190£,  howevor,  there  had 
been  little  or  no  genuine  mining,  although  100  tons  of  ore  wq3  roportod 
to  havo  been  romovod.  A  200-ton  mill  was  erected  to  use  tho  Koith 
process,  patontod  by  Dr.  !?.  S«  Keith,  metallurgist  for  the  Montgomery 
Corp  any. 

In  19C6  tho  Paha-.uarry  Copper  Company  (successors  of  tho  Kont- 
Comery  Company)  roportod  that  operations  <~'ero  "at  a  stage  whero  tho 
ore  and  methods  of  treatment  can  now  bo  tcstod" ,  but  in  1900  tho 
company  officials  admitted  that  tho  character  of  treatment  and  equip- 
ment at  hand  needed  to  bo  "materially  altered"..  In  1910,  they  wrote 


-2-  jvr",  #/-».;« 

;  .•••■-••! 

that  thoy  had  been  compollod  to  close  down  tlio  previous  year  so  as  toj  ■ 
install  a  pimping  station,  and  that  thoy  had  olectrif led  the  plant,  \ 
adding  a  flotation  system  as  well  as  a  largo  ore-drier. '.The  ninowaa   . 
oporatod  for  three  months  in  1911/,  and  the  200-ton  ooncehtrating  mill 
was  aotlve  for  two  months"/  but  no  conoontratos  were  shipped.  It  was 
reported  that  the  ore  mineral  broko  too  finely  for  profitable  extract- 
ion by  the  procoss  used,  and  that  losses  in  tailings  wore  considerable. 
Also,  that  experiments  wore  being  mado  to  improve  the  recovery. 

'  Unfortunafcoly  the  whole  venture  provod  fruitless,  the  hope  of  suc- 
cessful exploitation  apparently  being  no  bettor  grounded  than  in  the 
painfully  parallel  history  of  operations  at  the  Schuyler  mine,  10  years 
bofore.  The  Pahaquarry  Copper  Company  went  into  the  hands  of  a  re- 
ceiver, and  the  proporty  was  ultimately  taken  over  by  the  Dolawaro. 
Valley  Exploration  Company,  of  which  Philip  Godloy  of  Philadelphia,  on 
earlier  owner,  wa3  president.   It  was  rumored  in  1917  that  this  company 
was  negotiating  with  an  "English  group  that  represented  the  Lockwood 
process  for  extraction  of  copper,  but  the  years  passed: with  no  further 
activity  at  tho  locality.   Ultimately,  the  mino  buildings  wore  dismantled 
and  tho  workings  abandoned. 

'   •  .  Some  years  later  the  mines  were  included  in  tho  purcha30  of  a  tract 
of  1,500  acres  by  the  George  Washington  Council,  Boy  Scouts  "of  America, 
for  use  as  a  permanent  summer  camp.  Tho  little-used  machinory  was 
broken  up,  hauled  away  and  sold  da   Junk.  .  One  of  the  old- mine  building  a 
has  served  as  a  mess  hall  and  handicraft  shop  for  the  scouts  -  its  only 
profitable  use  since  construction.  '   *  ' 

Tho  Pahaquarry  mine  was  never  profitable,  and  its  history  fails  to 
suggest  any  prospects  of  future  economio  importance.  _Theextremo  anti- 
quity of •  the  workings  lends- them  historical  intorest,  and  the' ore* occurr- 
ence in  Silurian  rocks  gives  the  copper  minerals  geologic  significance. 
As  a  workable  mino,  however,  tho  locality  is  umpromlsing. 

General  Geology: 

The  Pahanuarry  mino  occurs  on  the  northwest  slope  of  Kittatinny 
mountain;  from  150  to  !|50  feet  above  Delaware  River."   The  geologic 
sequence  near  tho  mine  is  a3  follows:  ...  "   , 

(Docker  formation.. 60  feet 

(3os3ardvillo  limestone...    75  " 

Silurian (Poxino  Island  shale 200  " 

(High  Palls  formation 1300-2000 

(Shawangunk  conglomerate..     1900. 

Ordovlcian (Martinsburg  shale........   -.3000 

'  •  •     '  ■    3  -:  -..  -.■■■'.       •  '-.":■  -'  •  ' ■'  ■"■■'■' '.■<•'."  '  "•'• 
The  ore-bearing  beds  occur  in  red  and  gray  sandstones  of  the  High 
Palls  formation,  which  is  a  thick  assemblage' of  red  and  green-gray  non- 
marine  rocks  of  middle  and  late  Silurian  ago.   This  formation  overlies 
tho  Shawangunk  conglomerate  and  is  apparently  ovorlain  by  the  Poxino 
Island  shale,  but  the  exact  relations  of  its  upper  and  lower  contacts 
are  far  from  clear.  The  main  body  of  tho  formation  consists  of  fairly 
messivo  sandstone  and  intercalated  shale.   Tho  sandy  zones  show  no 
cleavage,  but  exhibit  numerous  joint  pianos;  tho  rod  shales  contain 
morkod  cleavage  that  dips  southeastward  at  stocp  anglos.  Host  of  the 
shales  aro  thin  bedded,  with  smooth  or  dimpled  surfaces  and  somewhat 
splotchy  colors,  iiigh  Falls  sandstones  are  gray-green  to  grocn  in 


-3- 

color  and  vary  in  texture  from  fina  to  coarse j  many  are  rough-bedded 
and  moat  are  pebbly*  The  exact  thickness  of  thia  formation  i3  diff- 
icult to  determine,  both  because  of  minor  folda  that  complicate  the 
local  structure  and  because  of  the  uncertain  location  of  the  precise 
top  and  bottom  of  the  unit,   An  estimate  by  Kummel  gives  2,300  feet 
for  the  thickness  of  the  High  Falls  near  the  Pahaquarry  nine,  but  the 
average  is  probably  somewhat  less,  possibly  1,800-2,000  feet. 

Because  no  fossils  have  been  found  in  it,  the  age  of  tho  High 
Falls  formation  can  be  approximated  only  by  it3  stratigraphic  position, 
a  method  that  is  not  sufficiently  accurate  to  establish  its  exact 
correlates.   Data  derived  from  studies  in  eastern  Pennsylvania,  how- 
ever, suggest  that  the  underlying  Shawangunk  conglomerate  is  partly 
the  northern  equivalent  of  the  Tuscarora  sandstone  (lower  Silurian) 
of  Pennsylvania,  and  that  it  also  ranges  highor  than  the  Tuscarora  to 
includo  some,  possibly  a  considerable  part,  of  tho  Rose  Hill  (Clinton) 
horizon  as  well.  From  obsorvationa  in  Maryland  and  Pennsylvania,  it 
is  known  that  a  red-shale  facies  gradually  replaces  marine  late  Silurian 
rocks  in  an  easterly  direction,  forming  the  Bloomsburg  redbed  facies 
of  the  upper  Silurian  of  Maryland  and  Pennsylvania. :  It  is  believed 
that  thia  fades  passes  directly  eastward  into  the  High  Falls  formation, 
where  it  replaces  not  only  the  late  Silurian,  but  also  extends  down- 
ward to  supplant  the  equivalent  Niagara  beds,  and  probably  the 'upper 
part  of  tho  Clinton  horizon  also*.  The  suggestion  is  theroforo  made 
that  the  High  Falls  formation  i3  tho  nonnarine  redbed  equivalent  of 
tho  upper  Clinton  (Rose  Hill),  Niagara  (McXenzie)  and/  possibly,  lower 
Cayugan  (Wills  Creek)  formations  of  central  Pennsylvania.  Tho  formation 
thins  northward  into  Now  York  State,  losing  its  sandy  beds,  and  becom- 
ing a  thin  rod  shale  at  High  Falls,  New  York,  where  it  is  possibly  200 
feet  thiok.   It  is  there  overlain  by  the  Binnewator  sandstone  and  Wilbur 
limestone,  both  of  probable  Tonoloway  age  (late  Cayugan)  j  and  it  ia 
underlain  by  a  thinned  Shawangunlc  conglomerate. 

The  Shawangunk  conglomerate,  which  underlies  the  High  Falls  for- 
mation at  the  Pahaquarry  mine,  maintains  the  crest  of  Kittatinny  Moun- 
tain with  bold  rocky  bluffa  that  supply  much  coarse  talus  to  the  moun- 
tain flanks.   It  ia  an  indurated  sandstone  and  conglomerate,  many  beds 
carrying  pebbles  up  to  one  inch  in  diameter.   There  are  several  small 
lenses  of  dark  shale,  and  some  green  and  reddish  shale,  especially  in 
the  upper  portion.   As  the  High  Falls  formation  is  sandy  near  its  base, 
the  mutual  boundary  botween  the  two  formations  i3  difficult  to  establish. 

The  aandy  layers  of  the  Shawangunk  are  oven-graineu,  and  the  entire 
formation  showa  evidence  of  good  sorting;  for  even  the  pebbles  of  con- 
glomeratic zones  show  a  amall  range  of . size  in  any. 'one  .bed.'  A  few  atrata 
are  cross-bedded,  while  others  show  ripple  marks;.'  Much  of  the  roclf  is 
gray  or  dark-gray  on  weathered  surfaces,  and  many  beds  approach  the 
lithologic  character  of  quartzite,  ...Probably  tho  term,  "subquartziton  is 
appropriate  for  much'  of  the  formation.  The  thickness  of  .the  Shawangunk 
formation  varies  but  must  be  close  to  2,000  feet  near  the  mine.   It  does 
not  contain  fossils  in  this  vicinity,  although  small  collections  ob- 
tained elsewhere  indicate  an  early  Silurian  ?.ge.   Its  upper  portion  pro- 
bably includes  representatives  of  tho  early  Clinton.   It  is  unconform- 
ably  underlain  by  the  Martinsburg  shale  of  Ordovician  age. 


The  basal  bods  of  the  Shawangunk  forniation  contain  considerable 
pyrite,  and  it  13  reported  that  tho  lower  few  inchos  of  tho  rock  carry 
native  gold,  in  places  to  an  alleged  value  as  high"  as  Oil  per  ton. 
"Anywhere  along  tho  outcrop  of  the  contact  between  the  conglomerate 
and  tho  Ordovician  slate  ono  can  obtain  pyrite  ore  that  is  rich  in 
Sold". 

The  rod  ohalos  of  tho  upper  part  of  tho  High  Palls  formation  aro 
conoealod  along  Delar/ara  River, v.horo  tho  ne;;t  higher  formation  i3  a 
buff  or  greenish  calcareous  shale  cropping  out  on  Porcine  Island  about 
one  mile,  north  of  tho  Pahaquarry  mine.   This  shale  is  irregularly  bedded 
and  contains  no  fossils;  its  lover  contact  with  the  High  Falls  shale  is 

an 


shale  is  Cayugan,  possibly  oarly  Tonoloway  or  late  V.'ill3  Creek  in  ago. 
The  Bossardvillo  limo3tono,  £0-100  foot  thick,  is  overlain  by.  tho  Docker 
formation  above  which  are  rooks  definitely  of  Devonian  age* 

The  geologic  structure  of  the  ?ahaquar>/y  area  la  that  of  a  g3ntly 
dipping  homocline  vhorein  tho  rugged  Shawangunk  conglomerate,  which 
forms  the  summit  of  Kittatinny  Mountain,  dips  about  bS   >   N.30  «r.   rj?h© 
upper  sido  of  tho  mountain  is  a  dip-slope  devolopod  on  tho  conglomerate, 
but  the  High  Palls  formation  flank3  tho  mountain  in  increasing  volume 
on  the  lower,  more  gentle  slopes  where  tho  conglomerate  passos  into 
tho  ground*   Differential  erosion  of  High  Palls  sandstone  and  shale,  has 
produced  minor  terrao cs  and  swales  along  the  flank  of  the  hill,  while 
Delaware  River  has  ontronohed  its  channel  on  the  soft-  upper  rod  shales 
of  this  formation. 

There  are  slight  local  disturbances  in  tho  structure  of  tho' upper 
part  of  the  High  Palls  formation,  minor  synclinal  and  anticlinal  folds 
being  revealed  by  slight  changes  in  dip.   These  are  visible  in  the 
oxcollont  opposed  section  across  tho  truncated  end  of  the  mountain  at 
Dolawaro  Y7ater  Gap.   In  general,  however,  the  rocks  at  the  mine  have 
a  uniform  strike,  and  any  variations  from  tho  dip  of  Ij-O-i^f?  are  small. 
There  is  no  indication  of  faulting  near  the  mine" 

Nature  and  Occurrence  of  the  Ope: 

The  chief  ore  mineral  of  this  locality  is  chalcocite  which  impreg- 
nates sandstone  of  the  middle  part  of  the  High  Palls  formation  in  a 
Jiono  that  may  bo  traced  for  several  thousand  feet  along  tho  strike, 
and  may  rang©  through  a  vertical  thickness  of  200  feet.  The  portion 
of  the  formation  containing  the  copper  minerals  consist  a  of"  gray  sand- 
stone in  bods  2  to  6  feot  thick  separated  by  bands  of  red  shale  six 
inches  to  2  foot  thick.   Tho  ore-bearing  sandstones  aro  dense  and  not 
especially  permeable, •  although  they  are  traversed  by  numerous  vertical 
joints  that  strike  N.  20  E.  The  intervening  shales  have  a  splintery 
fracture,  possibly  due  to  a  rudely  developed  cleavage  that  corresponds 
with  the  direction  of  the  sandstone  Joints.   Ono  sandstone  lodge,  knowu 
as  tho  "watershed",  is  conspicuously  opposed  above  the  main  workings, 
and  has  been  stripped  for  a  lateral  dictanco  of  nearly  2,000  foot  along 
tho  strike.   Several  crosscuts  and  old  workings  revoal  sections  across 
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the  ore-bearing  zones  and  lndloato  the  charaotor  of  the  bods  workod. 

The  grayish  mineral  chalcooite  is  finely  impregnated  through  tho 
Silurian  sandstone,  which  beoause  of  its  similar  gray  color,  generally 
conceals  the  copper  ore.   Probably  attention  was  first  directed  to  the 
mineral  by  the  green  oarbonato  stains  which  dovolop  from  incrustations 
of  nalachito  and  chrysocolla  that  ooat  some  bedrock  surfaces.  Thoso 
stains  occur  on  Joint  plano3,  but  do  not  penetrato  far  below  ground. 
Chalcocite  also  occurs  in  thin  seams  along  certain  bedding  or  joint 
pianos,  in  places  extending  sons  distance  into  tho  bedrock.   Loss  com- 
monly the  fracturod  surfaces  of  the  sandstone  reveal  patches  sovoral 
inches  or  oven  a  foot  across  wherein  chalcocite  has  partially  replaced 
tho  body  of  tho  rock,.  These  patches,  or  nodules,  have  irregular  shapes 
and  occur  in  groups  that  are  unevenly  distributed  through  the  rock. 
In  those  richer  orebodios,  the  copper  mineral  is  readily  visible  to 
tho  naked  eye.   Throughout  root  of  the  loanor  rocks,  however,  it  is 
completely  invisible  until  it  is  specially  concentrated,-  as  by  panning 
tho  pulverized  sandstone* 

The  ore  beds  crop  out  noar  the  mine  in  a.  ravine  known  as  Mine 
Hun,  their  lowest  exposures  boing  about  150  feet  above  the  Delaware 
or  450  feot  above  sealevol.   Prom  this  point  to  an  elevation  of  75>0 
f oet  alons  tho  ridge,  the  rocks  appear  to  bo  more  or  less  continuously 
cuprif  orous.   Thus  thoro  is  a  considerable  width  as  well  as.  length  of 
exposed  copper-bearing  bed3.   Tho  thickness  of  the  copper- imp  regnatod 
zone  has  not  been  accurately  determined  but  may  be  200.  feet  or  more. 
If  these  estimates  of  extent  and  thickness- are  reliable,  the  volume 
of  low-grade  ore  present  is  noteworthy.   It  ha3  boon  reported  that  IOC 
samples  of  tho  ordinary  gray  sandstone  avoragod  3«25  Per  cent  copper 
in  the  form  of  chaloocite. 

Genesis  of  the  Ore: 

Tho  origin  of  the  Pahaquarry  copper  deposits  is  far  from  cloar, 
for  the  ox tensive  occurrence  of  chalcocite  in  a  Silurian  sandstone  is 
unique  in  tho  eastern  United  States.   Copper  ores  of  this  genoral  type 
are  known  in  late  Paleozoic  rocks'  of  many  regions,  and  are  common  in 
wostorn  Triaosic  sandstones;  but  there  is  no  close  eastern  analogue  in 
rocks  of  this  age  with  which  the  Hew  Jersey  deposit  may  be  genetically 
compared. 

Perhaps  the  most  important  difference  betweon  the  Pahaquarry  de- 
posit and  other  IJew  Jerwoy  copper  localities  lios  less  in  tho  ago  of 
the  ocntaining  rocks  than  in  an  apparent  independence  of  igneous  rooks. 
'iVhcroas  all  Triassic' occurrences  reveal  at  least  a  probable  gonetic 
association  of  the  copper  mlnorals  with  some  igneous  body,  the  Paha- 
quarry deposit  has  no  3uch  detectable  rolation.   It  is  true  that  on 
the  opposito  side  of  Kittatinny  Mountain  some  30  mllos  northeast  of 
the  Pahaquarry  nine  thore  is  an  intrusion  of  nepholine  syenite  near 
Beemerville,  How  Jorsey,  and  that  this  intrusive  may  be  an  apophysis 
of  a  larger  igneous  body  which  might  extend  beneath  or  noar  tho  V/arren 
County  coppei*  locality.   On  the  other  hand  there  is  no  cogent  reason 
to  link  the  copper  minerals  with  this  intrusive,  and  it  cannot  anywhere 
bo  seen  cutting  the  adjacent  Chawangunk  conglomerate.   The  intrucivo  i3 
therefore,  probably  older  than  tho  Shawangunk  (and  tho  ovorlying  High 
Palls  formation)  and  it  seems  most  probable  that  the  cupriferous  occur- 
rence is  independent  of  any  igneous  material. 
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Thus  it  appears  that  the  Pahaquarry  copper  is  definitely  opig- 
cnotio  in  character  and  contains  no  material  of  hypogenio  origin. 
On  the  basis  of  evidenoe  at  hand*  one  nay  surmise  that  the  original 
copper  minerals  were  disseminated  in  the  sediments   at  the  time  of 
deposition,  possibly  as  finely  divided  copper  ores,   in  part  preci- 
pitated from  solutions   derived  from  the   land   area  of  the  tine,   in 
part  carried   a3  rare   cupriferous  detritus. 

The  High  Foils    shale   at  High  Falls,   How  York,    contains   a  con- 
spicuous  quantity  of  cubic  pyrlto.      The  mineral   occurs  in  red  shalo3 
from  vrhich  perfect  cubic   crystals  may  bo  obtained,    some  being   u.3 
much  as  one-half   inch  ride.      This  pyrlto  is   sparsely  accompanied  by 
chalcopyrito,    attesting  the  prosence  of  copper  notnl  there  also. 

It  is   reasoned   that   the  High  Falls  formation  is   of  shallow-v/ator 
or  even  subaorial   origin;    that    it   accumulated  rapidly;   and  that  depo- 
sition occured  under  conditions  of  partial,   or  at   least  -seasonal 
aridity*      The   sediments  represent  alluvial  or  coastal-plain  detritus 
in  which   3m all    amounts  of  both   iron  and  copper  v/oro   carried  in  finely 
divided  state.      Probably  the  metals  rare   assembled  during  erosion  of 
tho  same  rocks   that  produced  the   sedimentary  debris.     The  iron  may 
have  been  transported   as  grains   of  magnetite,    tho  copper  as  tiny 
particlos  of  chalcopyrito   embedded  in  heavy-mineral  grains  in  the 
sedimentary  debris.      Concomitant  conditions  of  aridity  or  partial 
aridity  lod  to    local   impregnations  of  salt   and  gypsun  in  allied  rod 
shales. 

VfzQa  atmospheric  waters   charged  7.1th  salt   and  gypsum  reached 
beds  containing   the   cupriferous  detritus,   they  are.  believed  to  have 
taken  the   copper  into   solution,   leaching  it  from  the  jonos  in  which 
it  had  been  contained.      The  waters  which  concentrated  tho  ooppor  aro 
thought  to  have  been  mainly  sodium-chloride  or  calcium- sulphate   sol- 
utions capable   of   carrying   copper  sulphate  or,  possibly,   copper  chlo- 
ride.     These   concentrating    solutions   transported  the  metal,   deposit- 
ing it   in  certain  horizons  probably  not  far  removed  from  tho  original 
source  of  the  copper.      Tne  geologic   features   suggest  deposition  at 
relatively  lot?   temperatures,   presumably  below  the  point    (91  C.)    above 
whicn  octahedral   chalcocite   is  produced. 

In  other  deposits  of  this  general  type,    a3   in  redbeds  of  the 
southwest,   deposition  of  copper  has  taken  place  where  the  solutions 
encountered  carbonaceous  matorial  or  plait   romains   in  the  rocks.     As 
the  latter  are   conspicuously  lacking   in  the  High  Falls  formation,   it 
seems  probable   that  hero   the  copper- bearing  waters  relinquished  the ii 
metal  for   some   other  reason,  possibly  in  zones  whore   they  encountered 
other,  more   acidic,  meteoric  circulation. 

Inasmucn  as  the  chalcocite  of  the  High  Falls  rormation  has  boon 
partially  altered  to  carbonate  and  silicate  minerals,  it  i3.  clear  tha 
a  later  generation  of  moteoric  waters  in  tho  zone  of  oxidisation  must 
have  induced  production  of- younger  alteration  minerals,  whose  genesis 
is  a  function  of  fairly  recent  erqposure  of  the  copper-bearing  bed3  to 
surface  circulation. 
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In  summary,  it  is  believod  that  tho  disseminated  coppor  of  the 
Pahaquarry  dopoolt  ifl  assuredly  epigenetic  in  origin*  being  concen- 
trated by  meteoric  solutions  that  leached  the  netal  from  minute  grains 
of  chalcopyrite  previously  ocattered  through  the  sandstone  in  dotrital 
form.  As  the  coppor  minerals  aro  all  supergene,  there  is  no  roaaon 
to  anticipate  richer  deposits  or  for  that  matter  any  copper  minerals 
at  greater  depth. 

Economic  Importanco: 

All  ore  deposits  of  the  general  pahaquarry  typo  are  of  low  tenor, 
and  can  bo  utilised  only  in  exceptional  cases.   Tho  iaiportanco  of  any 
locality  is  a  function  of  the  ease  with  ^7hich  its  coppor  can  be  re- 
covered from  lean  ore,  and  of  transportation  and  other  costs.   It  has 
been  indicated  that  a  considerable  volume  of  coppor- impregnated  oand- 
stone  occurs  at  the  Pahaquarra  mine.   Data  are  not  now  available,  hoTv- 
evor,  to  Guarantee  that  the  ore  minerals  can  be  separated  from  tho  rock 
Ln  workable  quantities,  or  that  a  conoontrated  oro  can"  be  satisfactorily 
smelted  in  a  profitable  enterprise.   It  must  bo  strongly  suspectod  that 
this  is  not  a  deposit  of  commercial  value  or  potential  economic  sign- 
ificance; yet  such  a  suspicion  has  not  been  proven  beyond  aaadov/  of 
ioubt,  and  tho  status  of  the  deposit  must  still  bo  described  as  un- 
certain,  nonetheless,  tho  writer  cannot  now  recommend  the  expenditure 
)f  time  end  money  needed  to  remove  tho  uncertainty;  tho  risk  of  failure 
Ls  too  groat. 
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ABSTRACT 

A  Phase  I  archeological  survey  of  two  proposed  parking  areas  was  conducted  for  the  National  Park  Service,  Denver 
Service  Center  by  John  Milner  Associates,  Inc.  at  the  Pahaquarry  Copper  Mines,  Delaware  Water  Gap  National 
Recreational  Area,  Warren  County,  New  Jersey.  The  proposed  parking  areas,  designated  Area  1  and  Area  2,  are 
located  on  a  high  Wisconsin-aged  terrace,  southwest  of  the  Old  Mine  Road  National  Historic  District.  A  total  of 
28  shovel  test  units  and  4  deep  auger  borings  was  excavated  for  historic  and  prehistoric  archeological  sites.  Only 
three  chert  flakes,  representing  isolated  artifact  locations,  were  recovered  during  the  Phase  I  investigations.  A  sparse 
scatter  of  early  to  mid-20th-century  artifacts,  rock  clusters,  and  structural  remains,  probably  related  to  the  Pahaquarra 
Boy  Scout  Reservation,  were  observed  in  Areas  1  and  2.  No  evidence  for  the  reputed  17th-century  Dutch 
exploitation  of  the  Pahaquarry  copper  mines  was  encountered.  Based  on  the  negative  results  of  the  Phase  I 
investigations,  it  is  recommended  that  no  additional  archeological  investigations  are  warranted  in  the  vicinity  of  the 
two  proposed  parking  lots. 
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1.0   INTRODUCTION 

This  report  summarizes  Phase  I  archeological  investigations  conducted  by  John  Milner  Associates, 
Inc.  (JMA)  at  the  proposed  Pahaquarry  Copper  Mine  parking  relocation  area,  Delaware  Water  Gap 
National  Recreation  Area,  Warren  County,  New  Jersey.  The  work  was  conducted  for  the  National 
Park  Service  (NPS),  Denver  Service  Center  (DSC),  under  provisions  of  Contract  CX-2000- 1-0008; 
Work  Order  No.  14;  DEWA  264-42,  2001-0491-402.  The  Phase  I  investigations  were  conducted 
in  accordance  with  the  scope  of  services  prepared  by  Paul  Y.  Inashima  of  the  DSC-Eastern  Applied 
Archeology  Center,  Silver  Spring,  Maryland. 

The  purpose  of  the  project  was  to  identify  the  presence  or  absence  of  cultural  resources  which  may 
be  affected  by  construction  of  two  proposed  parking  lots  and  to  evaluate  the  potential  significance 
of  identified  archeological  resources  to  the  National  Register  of  Historic  Places  (NRHP).  The  two 
proposed  parking  lots  he  west  of  the  Old  Mine  Road  National  Historic  District.  The  copper  mines 
were  periodically  utilized  from  the  19th  century  into  the  early  20th  century.  Prehistoric  Paleo- 
Indian,  Archaic  and  Woodland  sites  are  known  along  terraces  of  the  Delaware  River  to  the  north 
and  west. 

The  National  Park  Service  Scope  of  Services  called  for  excavation  of  ten  shovel  test  units  and  two 
deep  bucket  auger  borings  within  each  of  the  two  proposed  parking  areas.  The  project  area 
occupies  a  relatively  flat  kame  terrace  on  the  east  and  south  of  Old  Mine  Road.  Fieldwork  was 
conducted  by  a  two-person  team  from  September  10  through  13,  1992,  with  an  additional  day  of 
supplemental  testing  during  September  30,  1992. 

Paul  Y.  Inashima,  DSC-Eastern  Applied  Archeology  Center,  was  NPS  Principal  Investigator.  J. 
Sanderson  Stevens  served  as  JMA  project  coordinator,  and  Dr.  James  Robertson  served  as  JMA 
principal  investigator.    Fieldwork  was  conducted  by  Dr.  Stuart  A.  Reeve,  with  technical  field 
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assistance  by  Charles  R.  Walker,  Jr.  Clark  J.  Hutchinson  of  Hightstown,  New  Jersey,  contributed 
important  historical  documents  relating  to  copper-mine  operations  and  the  Pahaquarra  Scout 
Reservation.  Paul  Y.  Inashima  provided  the  background  research  available  within  NPS  files  for 
the  Pahaquarry  area.  Dr.  Reeve  prepared  the  management  report.  Sarah  Ruch  prepared  the 
graphics,  and  Margy  Schoettle  prepared  the  final  manuscript. 


2.0   PROJECT  SETTING 

The  Pahaquarry  Copper  Mine  project  area  is  located  one-quarter  mile  east  of  the  Delaware  River, 
downstream  from  Poxono  Island  in  Pahaquarry  Township,  Warren  County,  New  Jersey  (Figure  1). 
The  project  area  occupies  a  relatively  high  (approximately  50-foot)  terrace  at  an  elevation  of  350 
feet  above  sea  level.  The  geologic  sequence  of  terrace  formation  along  the  Delaware  River  is  not 
well  defined  for  this  location  (e.g.,  Otter  1992:4).  Based  on  known  archeological  deposits  in  the 
area,  the  50-foot  terrace  may  represent  a  kame  terrace  of  Wisconsin  age  (Wagner  1992:pers. 
comm.).  The  Delaware  floodplain  is  relatively  narrow  upstream  and  expands  downstream  from 
the  project  area.  Floodplains  and  terraces  are  well-suited  for  agriculture  and  possess  a  higher 
probability  of  containing  prehistoric  sites  than  areas  with  higher  slopes. 

The  Pahaquarry  Copper  Mine  and  associated  historic  structures  are  north  and  east  of  the  project 
area,  along  the  lower  slope  of  Mine  Brook  (Figure  2).  The  geologic  substrate  and  copper-bearing 
deposits  consist  of  High  Falls  quartzites  of  Silurian  age,  part  of  the  thick  Paleozoic  marine 
sedimentary  sequence  in  this  portion  of  the  Delaware  Valley  (Cornwall  1945). 

The  project  area  lies  at  the  base  of  Kittatinny  Ridge  (Figure  1).  More  specifically,  the  two 
archeological  testing  areas  were  located  west  of  Mine  Brook  and  east  and  south  of  Old  Mine  Road 
(Figure  2).  Old  Mine  Road,  which  forms  the  western  boundary  of  the  project  area,  is  part  of  the 
Old  Mine  Road  Historic  District.  The  southern  testing  area  (Area  1)  measures  approximately  5000 
square  feet  and  consists  of  immature  forests  of  black  cherry,  maple,  and  dense  shrubs  of 
bittersweet,  Russian  olive  and  Rose-of- Sharon.  The  northern  area  (Area  2)  is  approximately  7800 
square  feet  in  extent,  with  a  mixed  deciduous  forest  dominated  by  maple  and  beech  and  an  open 
understory.  General  discussions  of  climate,  soils,  flora  and  fauna  have  been  presented  by  Otter 
(1992:1-3). 


3.0   CULTURAL  CONTEXT 
3.1    Prehistoric  Overview 

The  Pahaquarry  area  has  long  been  recognized  as  an  area  of  intensive  Native  American  occupation. 
Otter  (1992:6)  identified  nine  prehistoric  sites  within  one  mile  of  the  Pahaquarry  mine.  A  fluted 
point  was  recovered  at  Site  28WR7  during  installation  of  a  flag  pole  on  the  camp  plaza.  Kraft 
(1968:17)  reported  that  Junius  Bird  conducted  excavations  at  this  site,  but  found  no  additional 
Paleo-lndian  materials.  Extensive  Archaic  and  Woodland  artifacts,  pits,  hearths,  post  holes  and 
burials  have  also  been  recovered  from  Site  28WR6,  west  of  the  project  area  (Slosberg  1962;  Kraft 
1968,  1976a,  1976b).  This  site  is  within  several  hundred  feet  of  the  project  area,  although  at  a 
lower  terrace  level  and  closer  to  Mine  Brook  and  the  Delaware  River  (Otter  1992:Appendix  I). 
The  presence  of  Sites  28WR6  and  28WR7  initially  indicated  the  possibility  that  additional 
archeological  sites  may  exist  within  the  proposed  project  area. 

32   Historic  Overview 

A  few  historical  references  to  copper  mining  have  been  reported  from  the  18th  and  early  19th 
centuries  (Bertland  1975:39-41).  The  first  well-documented  mining  operation  was  conducted  in 
1849  by  the  Pahaquarry  Mining  Company  (Bertland  1975:42).  From  1850  to  1863,  the 
Philadelphia  firm  Godleys  owned  the  Pahaquarry  Mines.  The  Allegheny  Mining  Company  was 
organized  in  1861,  but  conducted  only  intermittent  assaying  during  the  late  19th  century  (Durling 
1927:14;  Bertland  1975:42).  The  final  period  of  intensive  mining  occurred  between  1903-1911  by 
the  Montgomery  Gold  Leaf  Mining  Company.  A  boarding  house  is  portrayed  west  of  the  mill 
house  on  a  1904  map  of  the  Pahaquarry  area,  possibly  near  the  northern  project  area  (reproduced 
in  Otter  1992:8).  A  200-ton  mill,  two  40-foot  "shaft"  furnaces,  and  a  double-track  tramway  from 
the  quarry  to  the  mill  were  constructed,  but  the  mine  was  quickly  abandoned  after  the  method  of 
copper  separation  proved  unprofitable  (Cornwall  1945:1;  Figure  3).  As  illustrated  in  Figure  3, 
mine  operations  do  not  appear  to  have  extended  into  the  project  area. 


The  property  was  purchased  in  1925  by  the  George  Washington  Council  of  the  Boy  Scouts  of 
America.  The  Pahaquarra  Scout  Reservation  operated  through  1971.  Durling  (1927)  presents  a 
description  of  the  early  Boy  Scout  camp,  while  an  unsealed  map  (Anonymous  1968)  portrays 
facilities  during  the  later  term  of  the  camp  operations  (Figure  4).  The  Health  Lodge,  Trading  Post 
and  Ranger  Station  were  located  near  the  proposed  northern  parking  area,  while  a  trail  to  the 
Chapel  probably  crossed  the  proposed  southern  parking  area.  Most  structures  were  removed  by 
the  U.S.  Army  Corps  of  Engineers  in  anticipation  of  construction  of  the  Tocks  Island  Dam  and 
Reservoir. 

The  proposed  height  of  the  Tocks  Island  Reservoir  would  have  approached  the  elevation  of  the 
Pahaquarry  mine  tunnels  and  would  have  inundated  the  present  project  area  (Brown  1973:49). 
Extensive  prehistoric  and  historic  sites  along  lower  terraces,  closer  to  the  Delaware  River,  would 
have  also  been  flooded. 


4.0  SURVEY  METHODOLOGY  AND  RESULTS 
4.1  Survey  Methodology 

Phase  I  archeological  investigations  were  conducted  under  specifications  of  the  NPS  Scope  of 
Services  for  Work  Order  No.  14;  DEWA  264-42,  2001-0491-402.  Work  tasks  are  presented  in 
Table  1.  Phase  I  investigations  included  surface  reconnaissances,  systematic  shovel  test 
excavations,  and  deep  auger  testing  within  two  sampling  areas.  Surface  reconnaissance  involved 
searching  for  above-ground  artifacts,  features,  and  historical  architectural  remnants  within  the  two 
proposed  parking  areas.  Shovel  test  units  (STUs)  were  excavated  at  20-foot  intervals  along  parallel 
transects.  In  accordance  with  the  scope  of  work,  shovel  test  units  were  1-foot  diameter  in  size  and 
were  excavated  to  depths  of  3  feet  unless  inhibited  by  impenetrable  deposits.  Excavated  soils  were 
screened  through  1/4-inch  mesh  hardware  cloth  to  ensure  the  uniform  recovery  of  cultural 
materials.  A  minimum  of  10  STUs  were  to  be  excavated  within  each  of  the  proposed  parking 
areas.  In  addition,  deep,  strati  graphic  testing  prescribed  two,  10-foot  deep,  4- inch  diameter  bucket- 
auger  borings  within  each  testing  area.  The  locations  of  STUs  and  auger  borings  were  determined 
by  JMA  archeologists  based  on  field  observations.  Deep  auger  borings  were  inhibited  by  cobble 
deposits.  Strati  graphic  records  of  Munsell  soil  color,  texture,  inclusions,  and  depths  were  recorded 
for  each  STU  and  auger  test  hole. 

Survey  datum  points  were  established  by  driving  nails  into  the  bases  of  trees  at  the  margins  of  the 
respective  testing  areas.  STU  transects  were  then  established  by  pocket-transit  lines  along  magnetic 
north  orientations  at  20-foot  intervals.  When  artifacts  were  recovered,  radial  STUs  were  excavated 
at  10-foot  intervals  to  determine  artifact  density  and  site  boundaries.  Each  STU  was  assigned  a 
tripartite  number  (e.g.,  1.2.3).  This  numbering  system  consisted  of  the  area  number  (1),  the 
transect  number  (2),  and  the  shovel  test  unit  number  (3).  Radial  shovel  tests  were  labelled  with 
the  tripartite  number  (e.g.,  1.2.3)  plus  R-l  through  R-4,  where  R-l  corresponded  to  the  radial  STU 
excavated  north  of  the  original  positive  shovel  test  and  succeeding  numbers  (e.g.,  R-2  through  R-4) 


corresponded  to  shovel  test  units  excavated  in  a  clockwise  fashion  around  the  positive  shovel  test 
unit 

42  Survey  Results 

4.2.1   Area  J:  South  Parking  Area 

The  proposed  south  parking  lot  (Area  1)  encompassed  an  area  of  5000  square  feet,  east  and  south 
of  Old  Mine  Road  and  south  of  the  Kittatinny  Ridge  spur.  Surface  reconnaissance  revealed  a 
cobble-lined  walkway  with  mortared  fieldstone  piers  south  and  west  of  the  project  area.  One  pier 
is  within  the  west  end  of  the  proposed  south  parking  area.  The  walkway  led  upslope  from  Old 
Mine  Road  to  a  cobble  and  cinder-block  foundation,  and  a  poured-concrete  floor.  The  floor,  which 
measured  12  by  13.5  feet,  had  the  inscription  "Post  18"  in  the  southwest  corner.  Reference  to  the 
1968  map  of  the  Pahaquarra  Scout  Reservation  suggests  that  this  structure  was  probably  the  Chapel 
(Figure  4).  A  surface  scatter  of  glass,  corroded  cans  and  other  debris  was  also  observed  across  the 
project  area,  probably  resulting  from  roadside  dumping  along  Old  Mine  Road  rather  than  middens 
associated  with  the  Chapel. 

A  survey  datum  (N0/E0)  was  established  by  driving  a  flagged  nail  into  the  base  of  a  prominent 
maple  tree  located  along  the  base  of  the  spur  slope,  at  the  east  end  of  the  survey  area.  The  area 
to  be  tested  was  covered  by  dense  shrubs  (Plate  1 ),  and  three  south-north  STU  transect  lines  were 
cut  through  the  underbrush  at  S10/W10,  N0/W30,  and  N0/W50  from  datum  (Figure  5).  A  total 
of  12  STUs  were  excavated  in  the  south  parking  area  (Figure  5,  Table  2).  Two  deep  auger  borings 
were  also  excavated;  Boring  1  was  located  at  S10/W10,  while  Boring  2  was  at  N30/W50. 

Area  1  soil  profiles  were  generally  similar  among  STUs  and  deep  auger  borings.  The  surface 
horizon,  which  consists  of  a  0.75-  to  2.00-foot  stratum  of  dark  yellowish  brown  (10YR3/6),  fine, 
sandy  loam  with  extensive  roots,  overlies  a  stratum  of  strong  brown  (7.5YR4/6)  fine  sand,  which 


extended  to  a  depth  of  approximately  3.30  feet  below  surface  (Figure  6a).  The  two  borings 
indicated  that  a  mottled  sandy  silt  extends  to  a  depth  between  4.8  (Boring  2)  and  7.9  (Boring  1) 
feet  below  surface  before  increasing  amounts  of  gravel  and  cobbles  prevented  further  auger 
excavations.  In  the  more  northerly  STUs  (e.g.,  1.1.4)  (i.e.,  closer  to  Old  Mine  Road),  cobbles  and 
sub-angular  gravels  were  more  common  at  shallow  depths  (between  0.9  and  2.00  feet)  (see  Figure 
6b).  The  predominance  of  fine-grained  sandy  silts  suggests  low-energy  river  deposits  south  and  east 
(downstream)  from  the  ridge  spur.  Larger  gravels  and  cobbles  increase  toward  the  north,  where 
stream-flood  energy  was  greater. 

A  single  tertiary  flake  of  chert  was  recovered  from  the  upper  soil  unit  (0.00-0.09  feet  deep)  of  STU 
1.1.4.  Radial  STUs  (1.1.4  R-3  and  1.1.4  R-4)  encountered  no  additional  artifacts.  This  single 
artifact  is  not  sufficient  to  define  a  new  archeological  site  and  probably  reflects  an  isolated  artifact 
location  or  is  related  to  Site  28WR6. 

4.2.2  Area  2:  North  Parking  Area 

Area  2  was  located  north  of  the  Kittatinny  Ridge  spur  in  an  area  of  open  forests  (Plate  2).  Soils 
were  markedly  different  than  in  Area  1.  Large  (0.5-1.0-foot)  cobbles  were  common  across  the 
surface.  Three  circular  rock  clusters  were  also  observed  (see  Figure  7).  These  features,  which 
ranged  between  2.75  and  5.50  feet  diameter  and  included  between  10  and  50  rocks  and  cinder- 
block  fragments,  probably  represent  recent  fire  hearths.  The  1968  map  of  the  Pahaquarra  Scout 
Reservation  (Figure  4)  suggests  that  the  Health  Lodge,  Trading  Post,  and  Ranger  Station  were  close 
to  the  northern  project  area,  although  remains  of  these  buildings  were  not  apparent.  An  access 
road  had  been  graded  across  the  north  end  of  the  project  area,  and  soil  disturbances  included 
backhoe  trenches  on  each  side  of  the  access  road  gate. 


A  site  datum  (NO/EO)  was  established  by  a  nail  driven  into  the  base  of  a  maple  tree  at  the  base  of 
the  spur  slope,  near  the  southwestern  comer  of  the  project  area  (Figure  7).  Three  west-east  STU 
transects  were  surveyed  between  the  base  of  the  ridge  in  the  south,  the  National  Park  Service 
access  road  in  the  north,  and  Old  Mine  Road  to  the  west,  respectively  (Plate  2). 

All  STUs  had  an  abundance  of  sub-angular  gravels  and  large  0.5-  to  0.8-foot  cobbles  within  the 
upper  0.75  to  1.50  feet  of  very  dark  grayish  brown  (10YR3/2)  sandy  loam.  The  percentage  of 
large  cobbles  increased  within  the  underlying  dark  yellowish  brown  (7.5YR4/6)  sandy  silt. 
Because  of  the  impenetrable  cobbles,  no  STU  was  excavated  deeper  than  2.5  feet  below  surface 
(Table  2).   Figure  8a  illustrates  a  representative  shovel  test  from  Area  2. 

In  the  western  comer  of  the  survey  area  (STU  2.1.1  to  2.2.2),  a  very  dark  greyish  brown 
(10YR3/2)  sandy  loam  was  overlain  with  probable  colluvial  deposits.  This  probable  slope  wash 
was  slightly  lighter  in  chroma  and  value  (10YR4/6)  and  had  fewer  large  cobbles  than  the  deeper 
sandy  silt  loam.  Shovel  test  2.1.1,  illustrated  in  Figure  8b,  depicts  a  soil  profile  with  colluvial 
materials  overlying  the  original  surface  horizon.  One  chert  flake  was  recovered  in  STU  2.2.1  from 
the  underlying  very  dark  grayish  brown  (10YR3/2)  fine  sandy  silt  loam,  but  additional  STUs  (2.2.1 
R-2  and  2.2.1  R-3)  encountered  only  two  wire  nails  and  one  piece  of  plastic,  but  no  additional 
prehistoric  artifacts. 

STU  2.2.5,  at  the  far  eastern  end  of  the  survey  area,  produced  a  large  collection  of  recent  artifacts, 
which  included  two  modem  ceramic  fragments,  one  green  bottle  base,  two  clear  rectangular  bottle 
fragments,  one  clear  ridged  table  glass  fragment,  two  clear  curved  bottle  glass  fragments,  seven 
flat  window  glass  fragments,  one  flat  metal  piece,  one  low-fired  brick  fragment,  and  one  piece  of 
coal.  All  of  these  artifacts  werre  determined  during  analysis  to  be  modem;  therefore,  they  were 
discarded.  One  secondary  flake  of  chert  was  also  present  in  the  humus.  Four  radial  shovel  tests 


were  excavated  at  10  foot  intervals  around  STU  2.2.S  to  examine  the  extent  of  the  artifact 
distribution.  Although  one  additional  fragment  of  bottle  glass  (2.2.5  R-2),  and  three  fragments  of 
flat  window  glass  (2.2.5  R-3;  2.2.5  R-4)  were  encountered,  no  additional  prehistoric  artifacts  were 
found  The  diversity  of  architectural  and  domestic  items  may  indicate  a  localized  midden  or 
destruction  debris  from  the  Boy  Scout  camp.  However,  the  historic  artifacts  may  also  indicate 
dumping  or  trash  associated  with  the  two  rock  clusters  (fire  hearths)  located  to  the  south. 

In  summary,  no  cultural  resources  relating  to  the  19th-  to  early  20th-century  operation  of  the 
Pahaquarry  copper  mines  were  observed  within  the  project  area  during  Phase  I  testing.  Recovered 
historic  artifacts  are  probably  attributable  to  the  20th-century  operation  or  destruction  of  the 
Pahaquarra  Boy  Scout  camp.  Two  prehistoric  chert  flakes  were  recovered  in  the  northern  parking 
area  (Area  2).  The  excavation  of  radial  shovel  tests  produced  negative  results,  suggesting  these 
artifacts  represent  isolated  artifact  locations  or  are  related  to  the  previously  recorded  site  28WR6. 
Prehistoric  materials  probably  increase  toward  the  north  and  east,  closer  to  Mine  Brook  and 
28VVR6. 
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5.0  SUMMARY  AND  RECOMMENDATIONS 

A  program  of  arcbeological  testing  was  conducted  by  John  Milner  Associates,  Inc.  (JMA)  prior  to 
the  proposed  parking  area  relocation  at  the  Pahaquarry  Copper  Mines  National  Register  District, 
Delaware  Water  Gap  National  Recreation  Area,  New  Jersey.  The  proposed  north  and  south 
parking  areas  were  separated  by  a  ridge  spur  of  Kittatinny  Mountain,  which  occupy  a  possible 
kame  terrace  at  an  elevation  of  approximately  350  feet  above  sea  level.  These  terraces  lie 
approximately  50  feet  above  the  modem  course  of  the  Delaware  River. 

Although  Work  Order  No.  14  (DEWA  264-42,  2001-0491-402)  defined  a  total  of  20  STUs  and 
four  deep  auger  test  borings  within  Area  1  and  Area  2,  Phase  I  investigations  included  a  pedestrian 
survey  and  the  excavation  of  28  STUs,  and  4  deep  auger  probes.  The  depths  of  excavations  were 
dictated  by  geomorphic  conditions  and  varied  between  the  two  areas.  The  northern  parking  area 
(Area  2)  included  dense  cobble  deposits,  probably  resulting  from  high-energy  colluvial  deposits  and 
terrace  formation.  In  contrast,  the  south  parking  area  (Area  1),  downstream  and  sheltered  by  the 
ridge  spur,  contained  sandy  silts  and  fewer  gravels  and  cobbles,  allowing  3-foot-deep  STU 
excavations.  These  deposits  probably  represent  low-energy  deposits  which  extend  to  depths  of  5 
to  8  feet  below  the  modem  surface.  Wagner  (1992)  speculates  that  terrace  deposits  above  the  350- 
foot  contour  may  represent  kame  terraces  of  Wisconsin  age. 

Arcbeological  testing  of  the  northern  parking  area  encountered  a  scatter  of  20th-century  ceramics, 
glass  and  nails,  and  other  objects,  associated  with  the  operation  or  destruction  of  the  Pahaquarra 
Scout  Reservation.  Three  rock  clusters,  all  including  broken  cinder  blocks,  were  also  observed. 
These  probably  date  to  the  period  of  camp  destruction  or  represent  fire  hearths.  Partial  remains 
of  the  Boy  Scout  camp  were  observed  at  the  south  parking  area,  where  a  cobble-lined  path  and 
mortared  stone  piers  leading  upslope  to  a  stone  and  cinder-block  foundation  were  observed  during 
the  reconnaissance  survey.   This  foundation  may  be  the  remains  of  the  Boy  Scout  camp  Chapel. 
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One  stone  pier  extends  into  the  west  end  of  the  south  parking  area.  No  earlier  materials  clearly 
attributable  to  the  Pahaquarry  copper  mines  were  discovered  during  STU  testing. 

Three  prehistoric  artifacts,  secondary  chert  flakes,  and  no  subsurface  prehistoric  features  were 
discerned.  This  is  a  low  recovery  rate  for  prehistoric  materials.  Much  more  extensive  Archaic  and 
Woodland  occupations,  including  Native  American  burials,  have  been  defined  at  Site  28WR6,  to 
the  north  and  west  of  the  project  area.  Additional  archeological  testing  should  be  conducted  if 
parking  area  development  impacts  areas  to  the  north  or  west  of  Old  Mine  Road. 

In  summary,  28  STUs  and  four  bucket-auger  borings  were  conducted  within  two  testing  areas. 
STU  excavations  encountered  a  total  of  three  prehistoric  chert  flakes  in  addition  to  20th-century 
ceramics,  metal,  window  and  bottle  glass,  probable  fire  hearths,  and  above-ground  structures 
relating  to  the  20th-century  Boy  Scout  camp  on  the  property.  No  definitive  archeological  sites 
were  identified  in  the  Phase  I  survey.  Although  archeological  finds  were  not  impressive,  the 
extensive  numbers  of  structures  from  the  Pahaquarra  Scout  Reservation,  beyond  the  project  area 
limits,  should  be  evaluated  as  contributing  resources  of  the  historic  district  The  proposed  parking 
lot  development  will  not  impact  significant  cultural  resources  within  the  two  areas  tested  by  JMA, 
and  no  additional  field  testing  is  recommended. 

One  major  historical  question  concerning  the  Pahaquarry  is  whether  17th-century  Dutch  actually 
mined  at  this  site  and  whether  archeological  resources  associated  with  colonial  exploitation  of  the 
quarry  may  be  expected  within  the  Old  Mine  Road  National  Historic  District.  Phase  I 
investigations  revealed  no  evidence  for  17th-century  or  later  colonial  occupations.  However, 
historical  research  encountered  a  reference  to  extant  colonial  ore  samples  curated  in  the  Dutch 
National  Museum,  Amsterdam  (Durling  1927:8).  A  program  of  trace-element  analyses  of 
Pahaquarry  and  museum  ore  specimens  may  elucidate  whether  the  Dutch  actually  mined  these 
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deposits  and  whether  archeological  resources  from  this  period  should  be  expected  in  the  project 
vicinity. 


13 


6.0  REFERENCES  CITED 

Anonymous 
1968  Camping  Facilities  Brochure.  George  Washington  Council,  Boy  Scouts  of 

America,  Trenton,  N.J. 

Bertland,  Dennis  N. 
1975  The  Minisink,  A  Chronicle  of  One  of  America's  First  and  Last  Frontiers.   Four 

County  Task  Force  on  the  Tocks  Island  Reservoir,  Stroudsburg,  PA. 

Brown,  Lenard  E. 
1973  Historical  Base  Map,  Delaware  Water  Gap  National  Recreation/  New  Jersey. 

National  Park  Service,  Denver  Service  Center. 

Cornwall,  H.R. 
1945  Pahaquarry  Copper  Mine,  Pahaquarry,  N.J.     United  States  Department  of 

Interior  Geological  Survey,  Wartime  Program  Open  File. 

Durling,  William  D. 
1927  The  Old  Mine  Holes  and  the  Old  Mine  Road.  Privately  published,  Trenton,  N.J. 

Kraft,  Herbert  C. 
1968  Archaeological  Survey  and  Testing  in  the  Construction  of  the  Tocks  Island  Dam. 

National  Park  Service  Purchase  Order  950-346.    Seton  Hall  University. 

1976a  The  Archaeology  of  the  Pahaquarry  Site.  Archaeological  Research  Center,  Seton 

Hall  University. 

1976b  Supplement  To:  The  Archaeology  of  the  Pahaquarry  Site,  Warren  County,  New 

Jersey.  Seton  Hall  University. 

Otter,  Edward 
1992  Pahaquarry  Copper  Mines  Background  Research.  Prepared  for  National  Park 

Service,  Denver  Service  Center,  Order  Number  1443PX200092079. 

Slosberg,  Willard 
1962  Test  Excavations  at  the  Pahaquarry  Boy  Scout  Site  and  the  Friedmann  Site  in 

the  Tocks  Island  Reservoir  Area.  Unpublished  manuscript,  New  Jersey  State 
Museum. 

United  States  Geological  Survey  (USGS) 
1973  Bushkill,  PA-NJ  Quadrangle.   USGS,  Reston,  VA. 

Wagner,  Daniel  P. 
1992  Penological  and  Geomorphological  Investigations,  Delaware  Water  Gap  National 

Recreation  Area,  Camp  Weygadt  Visitor  Center  and  Site  Development  Facilities. 
Report  submitted  to  John  Milner  Associates,  Inc.,  West  Chester,  PA.  Prepared 
by  Geo  Science  Consultants,  Inc.,  College  Park,  MD. 


14 


TABLES 


TABLE  1. 
Summary  of  Fieldwork  Elements 


SUMMARY  OF  FIELDWORK  ELEMENTS 

Task 

Purpose 

Archeological  Testing  (placement  of  units 
at  discretion  of  contractor;  not  to  exceed 
20-foot  radius  interval  between  units) 

1 
(North  Area) 

To  identify  whether  cultural 
resources  exist  within  the  proposed 
parking  area 

10  three-foot  deep,  one- foot  diameter  TUs 
2  ten-foot  deep,  one-foot  diameter  TUs 
(c.  7800  sq.  ft.  test  area) 

2 
(South  Area) 

To  identify  whether  cultural 
resources  exist  within  the  proposed 
parking  area 

10  three-foot  deep,  one  foot  diameter  TUs 
2  ten-foot  deep,  one-foot  diameter  TUs 
(c.  5000  sq.  ft.  test  area) 

Summary  Quantities 

20  three-foot  deep,  one-foot  diameter  TUs 
4  ten-foot  deep,  one-foot  diameter  TUs 
(c.  12,800  sq.  ft.  total  area) 

Note:  *A  combination  of  shovel  excavation  and  auger  coring  may  be  used  to  achieve  the  specified  depths.  Auger 
cores  will  not  be  smaller  than  4-inch  diameter.  Auger  and  upper  unit  diameters  will  be  recorded.  Depth  of  units 
may  be  shallower  should  cobble  deposits,  bedrock,  or  wet  soils  be  encountered.  Reasons  for  units  shallower  than 
specified  should  be  noted.   Locations  of  all  test  units  should  be  mapped. 

+  Soils  within  the  test  area  are  classified  as  Hazen  gravelly  loam,  8  to  15  percent  slopes.  These  soils  consist  of  6 
inches  of  very  dark  grayish  brown,  gravelly  loam;  22  inches  of  yellowish-brown  and  dark  brown,  gravelly  loam;  and 
42  inches  or  more  of  stratified  layers  of  dark  brown  gravelly  sand.    Depth  to  bedrock  is  more  than  6  feet 


17 


TABLE  2. 
Pahaquarry  Copper  Mines,  Phase  I  Archeological  Survey:  Soil  Descriptions  and  Artifact  Inventories 

A.  Area  1 :  South  Parking  Area. 

STU  Proven  Depth  Soils  Artifacts 


1.1.1.  S20W10 


1.1.2.  N0VV10 


1.1.3.  N20W10 


1.1.4.  N40W10 


1.1.4  R-l       N50W10 
1.1.4  R-2       N40W0 
1.1.4  R-3       N30W10 


1.1.4  R-4       N40W20 


1.2.1  N0W30 


0.00-1.25      Fine  sandy  loam  (10YR3/6)  None 

1.25-3.00      Slight  clay  and  fine  sand  (7.5YR4/6)  None 

0.00-1.18      Fine  sandy  loam  (10YR3/6)  None 

1.18-3.00      Fine  sand  (7.5YR4/6)  None 

3.00-3.25      Silt  (10YR6/4)  None 

0.00-1.25      Fine  sandy  loam  (10YR3/6)  None 

1.25-2.00      Fine  sand  (7.5YR4/6),  large  cobbles  None 

(3-5"),  abundant  sub-angular  gravel 
2.00-3.00      Slightly  silty  fine  sand  (10YR4/6),  None 

common  sub-angular  gravel 

0.00-0.90      Fine  sandy  loam  (10YR3/6)  1  chert 

tertiary  chip 
0.90-1.60      Fine  sand  (7.5YR4/6),  large  cobbles  None 

and  abundant  sub-angular  gravel 
1.60-3.00       Fine  sand  (7.5YR4/6),  common  sub-angular  gravel  None 

3.00-3.25      Sandy  silt  (10YR4/6)  None 

Unexcavated  Road  disturbance 

Unexcavated  Road  disturbance 

0.00-0.75      Fine  sandy-silt  loam  (10YR3/6)  with  None 

moderate  sub-angular  gravel 
0.75-1.25      Fine  silty-sand  and  large  cobbles.  None 

stopped  on  rock 

0.00-0.75      Fine  sandy-silt  loam  (10YR3/6)  with  None 

moderate  sub-angular  gravel 
0.75-2.00      Fine  silty-sand  (10YR5/6),  abundant  None 

sub-angular  gravel 
2.00-3.00      Fine  sand  (7.5YR4/6),  common  None 

sub-angular  gravel 

0.00-1.00      Fine  sandy  loam  (10YR3/6)  None 

1.00-3.00      Fine  sandy-silt  (7.5YR4/6),  rare  None 

sub-angular  gravel 

3.00-3.20      Fine  silt  (10YR6/4)  None 


IS 


A.  Area  1:  South  Parking  Area. 
STU  Proven  Depth 


Soils 


Artifacts 


1.2.2 

N20W30 

0.00-1.50 

1.50-3.00 
3.00-3.25 

1.2.3 

N40W30 

0.00-1.50 
1.50-3.00 

1.3.1 

N0W50 

0.00-1.00 
1.00-3.00 

1.3.2 

N20W50 

0.00-1.00 
1.00-3.00 

1.3.3 

N40W50 

0.00-1.30 
1.30-3.00 

Area  1 

S10W0 

0.00-0.90 

Boring  1 

0.90-3.30 
3.30-4.60 
4.60-7.90 
7.90 

Area  1 

N30W50 

0.00-1.00 

Boring  2 

1.00-3.30 
3.30-4.80 
4.80 

Fine  sandy-silt  loam  (10YR3/6),  None 
rare  sub-angular  gravel 

Fine  silty  sand  (7.5YR4/6)  None 

Silt  (10YR6/4),  rare  gravel  None 

Fine  sandy-silt  loam  (10YR3/6),  None 

moderate  sub-angular  gravel  with  rare  cobbles 
Fine  silty  sand  (7.5YR4/6),  rare  None 

sub-angular  gravel 

Fine  sandy  loam  (10YR3/6),  moderate  sub-angular 

gravel 

Fine  silty-sand  (7.5YR4/6),  common  None 

sub-angular  gravel,  large  cobbles  at  bottom 

Fine  sandy  loam  (10YR3/6),  moderate  None 

sub-angular  gravel 

Fine  silty-sand  (7.5YR4/6),  rare  None 

sub-angular  gravel,  one  cobble  in  bottom 

Fine  sandy  loam  (10YR3/6),  moderate  None 

sub-angular  gravel 

Fine  silty-sand  (7.5YR4/6),  rare  None 

sub-angular  gravel 

Fine  sandy-silt  loam  (10YR4/6)  None 

Silty-sand  (10YR5/4) 

Mottled  silt  (10YR6/4  and  10YR5/4) 

Silty-sand  (10YR6/4) 

Stopped  on  rock 

Sandy-silt  loam  (10YR3/6) 

Sandy-silt  (7.5YR4.6) 

Mottled  sandy-silt  (7.5YR5/6  and  10YR6/4)  None 

Stopped  on  rock 
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B.  Area  2:  North  Parking  Area. 

STU  Proven  Depth  Soils 


Artifacts 


2.1.1  N20E0  0.00-1.50 

1.50-1.90 
1.90-2.20 
2.20 

2.1.2  N20E20        0.00-1.25 

1.25-1.75 

1.75-2.50 

2.50 

2.2.1  N40W20       0.00-1.50 

1.50-1.75 

1.75-2.50 
2.50 

2.2.1  R-l       N50W20 

2.2.1  R-2      N40W10       0.00-1.25 

1.25-1.75 

1.75-2.00 
2.00 

2.2.1  R-3       N30W20       0.00-1.25 

1.25-1.75 

1.75-2.00 
2.00 

2.2.1  R-4      N40W30 

2.2.2  N40E0  0.00-1.25 

1.25-1.75 
1.75-2.20 

2.20 


Fine  sandy  loam  (10YR4/6),  moderate 
sub-angular  gravel 

Fine  sandy  loam  (10YR3/2),  moderate 
sub-angular  gravel,  abundant  (3-5")  cobbles 
Clay-sand  (10YR4/6),  abundant  sub- 
angular  gravel, cobbles 
Stopped  on  large  cobbles 

Fine  sandy  loam  (10YR4/6),  moderate 

sub-angular  gravel 

Fine  sandy  loam  (10YR3/2),  abundant 

sub-angular  gravel  and  cobbles 

Clay-sand  (7.5YR4/6),  abundant 

cobbles 

Stopped  on  large  cobbles 

Fine  sandy  loam  (10YR4/6),  abundant 

sub-angular  gravel 

Fine  sandy  loam  (10YR3/2),  abundant 

gravel  and  cobbles. 

Clay-sand  (7.5YR4/6),  abundant  cobbles 

Stopped  on  large  cobbles 

Unexcavated  Road  disturbance 

Fine  silty-sand  loam  (10YR4/6), 
abundant  sub-angular  gravel 
Silty-sand  (10YR3/2),  abundant 
gravel  and  cobbles 

Clay-sand  (7.5YR4/6),  abundant  cobbles 
Stopped  on  large  cobbles 

Fine  silty-sand  loam  (10YR4/6), 
moderate  sub-angular  gravel 
Silty-sand  (10YR3/2),  abundant 
gravel  and  cobbles 

Clay-sand  (7.5YR4/6),  abundant  cobbles 
Stopped  on  large  cobbles 

Unexcavated  Road  disturbance 

Fine  sandy  loam  (10YR4/6),  abundant 

sub-angular  gravel 

Fine  sand  (10YR3/2),  abundant  cobbles 

Find  sand  (7.5YR4/6),  abundant  large 

05-.8')  cobbles 

Stopped  on  large  cobbles 


None 
None 
None 

None 
None 
None 

None 

1  chert 
tertiary  flake 
None 


1  wire  nail 

None 

None 


1  wire  nail, 
1  clear  plastic 
None 


None 


None 

None 

None 
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B.  Area  2:  North  Parking  Area. 
STU  Proven  Depth 


Soils 


Artifacts 


2.2.3 


N40E20 


2.2.4 


N40E40 


2.2.5 


N40E60 


2.2.5  R-l       N50E60 


2.2.5  R-2       N40E70 


2.2.5  R-3       N30E60 


2.2.5  R^       N40E50 


0.00-0.90      Fine  sandy  loam  (10YR4/6),  abundant  None 

sub-angular  gravel 
0.90-1.50      Fine  silty-sand  (7.5YR4/6),  abundant  None 

large  cobbles 
1.50  Stopped  on  large  cobbles 

0.00-1.00      Fine  sandy  loam  (10YR4/6),  abundant  None 

sub-angular  gravel 
1.00-1.50      Fine  sand  (7.5YR4/6),  abundant  large  cobbles  None 

1.50  Stopped  on  large  cobbles 

0.00-1.00      Fine  sandy  loam  (10YR4/6),  abundant 
sub-angular  gravel 
Artifacts:  1  chert  secondary  flake,  2  whiteware, 

1  green  bottle  base,  2  clear  rectangular  bottle 
fragments,  1  clear  ridged  table  glass  fragment, 

2  clear  curved  bottle  glass  fragments,  7  flat 
glass  fragments,  1  flat  metal,  1  low-fired  brick 
fragment,  1  coal  (all  historic  artifacts  were  modern 
and  therefore  discarded  during  analysis) 

1.00-2.00      Fine  sand  (7.5YR4/6),  abundant  sub-  None 

angular  gravel  and  large  cobbles 
2.00  Stopped  on  large  cobbles 

0.00-1.00      Fine  silty-sand  loam  (10YR4/6),  None 

cobbles,  abundant  sub-angular  gravel 
1.00-1.25      Clay-sand  (7.5YR4/6),  abundant  sub-  None 

angular  gravel  and  large  cobbles 
1.25  Stopped  on  large  cobbles 

0.00-1.00      Fine  silty-sand  loam  (10YR4/6),  1  clear 

cobbles,  abundant  sub-angular  gravel  bottle  glass 

1.00-1.50      Clay-sand  (7.5YR4/6),  abundant  sub-  None 

angular  gravel  and  large  cobbles 

1.50  Stopped  on  large  cobbles 

0.00-1.00      Fine  silty-sand  loam  (10YR4/6),  1  flat  glass 

abundant  sub-angular  gravel 
1.00-1.25      Clay-sand  (7.5YR4/6),  abundant  sub-  None 

angular  gravel 
1.25  Stopped  on  large  cobbles 

0.00-1.00      Fine  silty-sand  loam  (10YR4/6),  2  flat  glass 

cobbles,  abundant  sub-angular  gravel 
1.00-1.25      Clay-sand  (7.5YR4/6),  abundant  sub-  None 

angular  gravel  and  cobbles 
1.25  Stopped  on  large  cobbles 
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B.  Area  2:  North  Parking  Area. 
STU  Proven  Depth 


Soils 


Artifacts 


2.3.1 


N60E20        0.00-0.80 


0.80-1.25 


1.25 


2.3.2 

N60E40 

0.00-0.75 
0.75-1.10 
1.10 

2.3.3 

N60E60 

0.00-0.75 
0.75-1.25 
1.25 

Area  2 

N0E20 

0.00-0.50 

Boring  1 

0.50-1.00 
1.00 

Area  2 

N80E20 

0.00-0.60 
0.60 

Fine  silty-sand  loam  (10YR3/2), 

abundant  sub-angular  gravel,  cobbles 

Silty-sand  (7.5YR4/6),  abundant 

cobbles 

Stopped  on  large  cobbles 

Fine  silty-sand  loam  (10YR3/2), 

abundant  sub-angular  gravel,  cobbles 

Silty-sand  (7.5YR4/6),  abundant 

cobbles 

Stopped  on  large  cobbles 

Fine  silty-sand  loam  (10YR3/2), 

abundant  sub-angular  gravel,  cobbles 

Silty-sand  (7.5YR4/6),  abundant 

cobbles 

Stopped  on  large  cobbles 

Fine  silty-sand  loam  (10YR3/2) 
Silty-sand  (7.5YR4/6) 
Stopped  on  large  cobbles 

Fine  silty-sand  loam  (10YR3/2) 
Stopped  on  large  cobbles 


None 
None 

None 
None 

None 
None 

None 

None 
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QUADRANGLE   LOCATION 
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Plate  1.  Area  1,  South  Parking  Area  from  the  Southeast  (Datum  at  Base  of  Tree  on  the 
Left). 


Plate  2.  Area  2,  North  Parking  Area  from  the  South  (Datum  at  Base  of  Tree  on  the 
Right). 
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As  the  Nation's  principal  conservation  agency,  the  Department  of  the  Interior 
has  basic  responsibilities  to  protect  and  conserve  our  land  and  water,  energy 
and  minerals,  fish  and  wildlife,  parks  and  recreation  areas,  and  to  ensure  the 
wise  use  of  all  these  resources.  The  Department  also  has  major  responsibility 
for  American  Indian  reservation  communities  and  for  people  who  live  in  island 
territories  under  U.S.  administration. 


Publication  services  were  provided  by  the  Eastern  Team-Falls  Church  Branch, 
Denver  Service  Center.  NPS  document    D-136 


APPENDIX  H 

United  States  Bureau  of  Mines.  "Stabilization  Plan  at  Pahaquarry  Copper  Mines  Delaware 
Water  Gap  National  Recreation  Area."  Denver:  United  States  Bureau  of  Mines, 
November  1993. 
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United  States  Department  of  the  Interior 


NATIONAL  PARK  SERVICE 

AIR  QUALITY  DIVISION 

P.O.  BOX  25287 

DENVER,  CO     80225 

IN  REPLY  REFER  TO:      mnn, 

March  3,  1994 
N3615  (475) 

Memorandum 

To:         Manager,  Denver  Service  Center,  Eastern  Team 
Attention:  Steve  Burns 


'    J    VJL' 


Through:     Miguel  I.  Flores  ^vVl^VW-  &    ^^-r> 

Chief,  Monitoring  and^Data  Analysis  Branch 
Air  Quality  Division,.-  Denver 

From  :       Bobby  C.  Carson  0<rC~W£  ■  CdUO^'7'"""' 

Air  Quality  Monitoring  Systems  Specialist,  Air  Quality 
Division  -  Denver 

Subject:     Radon  Monitoring  at  Pahaquarry  Copper  Mine,  Delaware  Water  Gap  NRA 

At  the  request  of  Mr.  Steve  Burns,  Denver  Service  Center,  Eastern  Team,  I 
reviewed  the  U.S.  Bureau  of  Mines  (BOM)  radon  monitoring  report  on  Pahaquarry 
copper  mine  located  at  Delaware  Water  Gap  National  Recreation  Area. 

Radon  (Rn222)  is  a  colorless,  odorless,  radioactive  gas.  Radon  is  released 
from  the  natural  decay  of  uranium  that  is  found  in  nearly  all  rocks  and  soils. 
As  a  result  of  this  natural  decay  radon  disintegrates  into  atomic  sized 
particles  called  radon  decay  products  or  progeny.  The  radon  progeny  can 
attach  to  condensation  nuclei,  airborne  dust,  or  float  freely  as  unattached 
progeny.  The  primary  concern  to  employee  health  is  long-terra  exposure  to 
radon  progeny. 

The  Department  of  Labor,  Mine  Safety  and  Health  Administration  (MSHA)  has  an 
established  radon  progeny  exposure  standard  (30  CFR)  of  4.0  working  level 
months  (WLM)  per  calendar  year.  A  working  level  month  is  defined  as  an 
exposure  equivalent  to  1.0  WL  of  radon  progeny  for  173  hours  (a  working 
month).  For  example,  for  an  employee  to  reach  4.0  WLM  in  a  calendar  year  it 
would  require  an  exposure  to  1.0  WL  for  692  hours  or  an  exposure  to  0.50  WL 
for  1384  hours.  If  the  average  radon  progeny  concentration  in  the  mine  was 
0.44  WL  an  employee  could  work  in  the  mine  for  1573  hours  before  reaching  4.0 
WLM.  However,  mines  are  able  to  use  active  ventilation  systems  to  control 
radon  progeny  concentrations  and  employee  exposures. 

The  National  Park  Service  has  established  a  guideline  for  radon  progeny 
sampling  in  NPS-14,  Cave  Radiation  Safety  and  Occupational  Health  Management 
Guideline.  The  NPS-14  guideline  adopted  the  MSHA  4  WLM  per  year  maximum 
exposure  standard.  NPS-14  is  currently  under  review  by  the  National  Park 
Service  Division  of  Engineering  and  Safety  Services.    The  Division  of 


Engineering  and  Safety  Services  is  considering  a  reduction  in  the  annual 
maximum  exposure  of  4.0  WLM  per  year  to  3.0  WLM  per  year  with  a  maximum 
lifetime  exposure  of  60  WLM  over  a  30  year  period. 

The  Bureau  of  Mines  sampled  the  Pahaquarry  mine  for  approximately  one  month 
(March  9  to  April  8,  1993)  utilizing  alpha  track  radon  detectors,  which 
measure  the  average  concentration  of  radon  gas  in  picoCuries  per  liter  (pCi/1) 
of  air.  The  primary  concern  is  from  radon  progeny  and  not  radon  gas, 
therefore  estimated  radon  progeny  concentrations  must  be  extrapolated  from  the 
radon  gas  measurements.  Ideally,  it  would  be  helpful  to  measure  the  mine  air 
for  radon  progeny,  however,  the  sampling  protocols  require  expensive  sampling 
instrumentation  and  on-site  trained  personnel.  Alpha  track  devices  are 
passive,  inexpensive  and  can  be  placed  in  the  mine  unattended  for  up  to  one 
year.  The  alpha  track  samplers  are  excellent  screening  devices  for 
ascertaining  if  a  radon  exposure  problem  exists. 

The  units  used  to  measure  radon  progeny  and  calculate  employee  exposure  is  the 
working  level  (WL) .  One  (1.0)  working  level  is  defined  as  an  atmospheric 
concentration  of  Rn222  progeny  which  will  deliver  1.3  X  105  million  electron 
volts  of  alpha  energy  per  liter  of  air  in  decaying  through  Polonium-214 .  The 
general  rule  of  thumb  is  that  100  pCi/1  of  radon  gas  will  produce  a  radon 
progeny  concentration  of  approximately  0.50  WL. 

The  BOM  report  indicates  the  6  alpha  track  measurements  in  the  lower  shaft 
averaged  87.9  pCi/1  (0.44  WL) .  The  maximum  concentration  in  the  lower  shaft 
was  189.2  pCi/1  (0.95  WL)  and  the  minimum  concentration  was  21.6  pCi/1  (0.11 
WL)  .  The  estimated  exposure  time  in  the  lower  shaft  was  given  to  be  a  maximum 
of  20  minutes  two  times  per  week  from  mid-June  to  Labor  Day  (12  weeks).  The 
estimated  exposure  for  this  time  period  would  be: 

40  minutes  per  week  X  12  weeks  =  480  minutes/60  =  8  hours 


8  hours  X  0.44  WL 

=     0.020  Working  Level  Months  per  employee 

173  hours/month  per   year   based   on   estimated 

exposure  times 


There  were  4  alpha  track  measurements  made  in  the  upper  shaft  with  an  average 
of  4.6  pCi/1  (0.023  WL)  .  The  maximum  concentration  measured  in  the  upper 
shaft  was  5.0  pCi/1  (0.03  WL)  and  the  minimum  concentration  was  3.7  pCi/1 
(0.02  WL) .  An  estimated  maximum  10  minute  exposure  for  the  same  time  period 
(mid-June  to  Labor  Day)  in  the  upper  shaft  would  result  in  an  exposure  of  only 
0.001  WLM. 

The  cumulative  exposure  from  mid-June  to  Labor  Day  would  be  approximately 
0.021  WLM,  which  is  only  0.5%  of  the  4  WLM  occupational  exposure  standard. 
However,  the  MSHA  standards  and  NPS-14  guideline  say  that  when  the  average 
radon  progeny  concentration  exceeds  0.30  WL  management  should  monitor  weekly 
and  keep  exposure  records  on  all  employees  working  underground. 


The  greatest  concern  about  the  data  is  the  period  of  collection.  Data 
collected  from  March  9  to  April  8,  is  not  representative  of  employee  exposures 
from  mid-June  through  Labor  Day.  Radon  and  radon  progeny  concentrations  can 
vary  greatly  from  spring  to  summer.  Radon  measurements  should  be  made  during 
the  exposure  period  (mid-June  to  Labor  Day)  to  estimate  exposures  levels. 

Based  on  the  available  radon  data  and  exposure  time  estimates  there  should  be 
no  problems  in  keeping  employees  below  the  current  exposure  standard  of  4  WLM 
or  even  3  WLM.  The  following  recommendations  would  serve  to  verify  this 
premise: 

Recommendations : 

1.  Utilizing  alpha  track  radon  devices  measure  the  average  radon 
concentration  in  the  lower  and  upper  shaft  during  periods  of 
employee  use,  i.e.  mid-June  to  Labor  Day.  Perform  both  long-term 
(mid-June  to  Labor  Day)  and  short-term  (monthly)  samples  to 
characterize  the  exposure  period. 

2.  Maintain  a  logbook,  for  future  exposure  calculations,  on  all 
employee  time  spent  in  the  mine.  The  logbook  should  denote 
employee  name,  date,  and  time  entering  and  leaving  the  mine.  The 
logbook  should  break  down  time  spent  in  the  lower  shaft  and  upper 
shaft . 

3.  Evaluate  the  radon  sampling  data  from  mid-June  to  Labor  Day  to 
determine  future  management  actions. 

If  you  have  any  questions  concerning  this  information  please  contact  me  at 
303-969-2072. 


cc : 

Dennis  Dolinar,  U.S.  Bureau  of  Mines 

Claudia  Finney,  NPS  Division  of  Engineering  and  Safety  Services 

John  Burghardt ,  NPS  Mining  and  Minerals  Branch 
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EXECUTIVE  SUMMARY 

The  National  Park  Service  (NPS)  requested  the  U.S.  Bureau  of  Mines  (USBM)  to  provide 
technical  assistance  via  an  Interagency  Agreement  No.  2150-3-0100.   The  NPS  requested  that 
the  USBM  investigate  the  stability  of  Decline  Shaft  No.  2  and  Mine  Tunnels  No.  1  and  No. 
2,  design  portal  design  options  for  Mine  Tunnels  No.  1  and  No.  2,  provide  maintenance  and 
safety  recommendations,  submit  a  report  of  the  findings  and  provide  technical  assistance  for 
closing  the  decline  shaft  and  stabilizing  both  mine  tunnels.   The  NPS  also  requested  that  the 
USBM  provide  an  estimate  of  the  construction  cost  associated  with  the  project.   In  response 
to  this  request,  the  USBM  assembled  an  interdisciplinary  team  of  experienced  personnel  to 
undertake  the  review. 

The  Pahaquarry  Copper  Mines,  located  in  the  Delaware  Water  Gap  National  Recreation  Area 
in  New  Jersey,  are  inactive  mines  that  the  National  Park  Service  desires  to  open  to  the  public 
for  interpretative  tours.   The  old  workings  examined  included  the  Mine  Tunnels  No.  1  and 
No.  2  and  the  Decline  Shaft  No.  2.   The  NPS  requested  the  USBM  to  investigate  the  stability 
of  the  abandoned  workings  and  submit  a  report  of  the  findings. 

The  incorporation  of  stabilization  alternatives  will  result  in  various  degrees  of  safety.   In 
general,  the  more  remedial  work  initially  performed  will  have  the  highest  visual  impact  on  the 
cultural  resource  but  require  the  least  amount  of  maintenance.    Because  of  the  geology,  inflow 
of  water,  and  in  situ  stresses  it  should  be  noted  that  underground  openings  can  never  be  made 
100  percent  safe.   Continued  monitoring  and  maintenance  will  be  required  to  minimize  the 
risks. 

The  NPS  also  requested  alternative  methods  for  closing  the  Mine  Tunnel  No.  1  and  No.  2 
portals  and  the  Decline  Shaft  No.  2.    Alternatives  are  presented  that  describe  the  method,  use 
applications,  technical  illustrations,  and  technical  support  information.   The  closure  methods 
allow  for  construction  that  can  provide  access  to  the  mine.   However,  providing  access  makes 
the  closure  susceptible  to  vandalism  and  unauthorized  access.    Most  closure  methods  require 
periodic  monitoring  for  deterioration  or  corrosion  of  construction  materials. 


INTRODUCTION  AND  BACKGROUND 

Near  the  Delaware  Water  Gap,  where  the  Delaware  River  cuts  through  a  long  mountain  ridge 
composed  of  uniformly  and  steeply  tilted  sandstones,  there  is  a  copper  deposit,  which  had 
been  worked  200  or  more  years  ago.   This  property,  known  as  the  Pahaquarry  copper  mine,  is 
about  8  miles  from  the  town  of  Water  Gap  and  10  miles  from  Stroudsburg,  Pa,  at  a  point 
known  as  Dimicks  Ferry. 

The  early  workings  were  extensive,  comprised  of  a  tunnel  driven  for  a  distance  of  100  ft, 
with  a  crosscut  at  the  end.   The  property  was  reopened  in  1847  and  1861,  but  the  ore  was 
low  grade  and  work  was  soon  stopped.    About  1901  another  attempt  was  made  to  work  the 
property. 

The  National  Park  Service  (NPS)  requested  the  U.S.  Bureau  of  Mines  (USBM)  to  provide 
technical  assistance  via  an  Interagency  Agreement.   The  NPS  requested  that  the  USBM 
investigate  the  stability  of  Decline  Shaft  No.  2  and  Mine  Tunnels  No.  1  and  No.  2,  submit  a 
report  of  the  findings,  and  provide  technical  assistance  for  closing  the  decline  shaft  and 
stabilizing  both  mine  tunnels.    In  response  to  this  request,  the  USBM  assembled  an 
interdisciplinary  team  of  experienced  personnel  to  undertake  the  review.   The  team  members 
are  listed  in  Appendix  A,  Table  A-l. 

Mine  Tunnel  No.  1  is  approximately  267  feet  in  length  and  Mine  Tunnel  No.  2  is  about  100 
feet  in  length.   The  stabilization  of  the  mine  tunnels  is  being  considered  in  order  to  increase 
the  safety  for  visitors  who  will  enter  the  mines  and  to  preserve  the  mines  as  a  cultural 
resource  for  the  park.   The  access  to  Decline  Shaft  No.  2,  which  is  to  be  closed,  is 
approximately  10  ft  wide  and  7  ft  high,  with  a  30-ft  slope  distance  dipping  at  45°.   The 
approximate  locations  of  Mine  Tunnels  No.  1  and  No.  2  and  the  Decline  Shaft  No.  2  are 
shown  in  figure  1. 

GEOLOGICAL  SETTING 

The  ore-bearing  beds  occur  in  the  red  and  gray  sandstones  of  the  High  Falls  Formation,  of 
upper  Silurian  Age,  which  forms  the  second  or  northern  ridge  on  the  slopes  of  the  Kittatinny 
Mountain.   The  formation  was  formerly  classified  by  the  New  Jersey  geologists  as  Medina 
Sandstone,  but  has  recently  been  determined  to  be  of  Salinian  Age.   It  has  an  estimated 
thickness  of  800  feet  and  consists  of  massive  sandstones  and  interbedded  shales.   The  strike  is 
N  20°  W;  the  dip  is  40°  to  45°  W,  as  observed  in  the  Pahaquarry  copper  mines.   The  shaley 
member  shows  cleavage  that  dips  at  steep  angles  to  the  southeast,  and  are  slatey,  as  seen  in 
the  copper  mines.   The  harder,  course-grained  rocks  show  no  cleavage  planes  seen  in  the 
more  shaley  beds  that  were  formed  at  the  same  time.   The  prevailing  colors  of  the  High  Falls 
Formation  are  red  and  brownish  red,  but  grayish  green  rocks  appear  in  places.   At  the 
Pahaquarry  mines  the  rocks  are  locally  gray.   The  top  of  the  formation  is  nearly  all  red  shale, 
split  by  cleavage,  and  carrying  interbedded  red  and  gray  sandstones.   The  shale  occurs  in  thin 
beds  and  the  sandstones  in  thick  beds  (3). 
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Figure  1.   The  location  of  Mine  Tunnels  No.  1  and  No.  2  and  Decline  Shaft  No.  2. 


FIELD  INVESTIGATION 

The  field  investigation  was  conducted  on  March  8-9,  1993.   The  area  had  recently 
experienced  a  spring  snowfall,  and  much  of  the  ground  was  covered,  limiting  visual 
observation  of  the  decline  shafts.   Both  Mine  Tunnels  No.  1  and  No.  2  were  mapped  for 
fractures  and  joints,  and  the  portal  areas  were  examined  for  stability.   The  drainage  on  the 
surface  and  underground  was  examined,  and  estimates  were  made  on  volume  and  weights  of 
fallen  material.   Water  samples  were  taken  for  laboratory  analysis  from  both  mines.   The  air 
was  sampled  for  percentages  of  oxygen  and  methane,  and  carbon  monoxide  was  recorded  in 
parts  per  million  using  a  CMX  270  air  monitoring  device.    Radon  gas  detectors  were  hung 
from  the  roof  of  Mine  Tunnels  No.  1  and  No.  2  and  were  retrieved  by  NPS  personnel  and 
forwarded  to  the  USBM  for  analysis  after  30  days. 


During  the  field  investigation,  the  USBM  filmed  both  mine  tunnels  and  portal  areas. 
Additionally,  still  pictures  of  the  area  are  included  in  the  Appendix  D  of  the  report  to  increase 
the  readers'  understanding  of  the  rock  structure  and  condition  at  the  site.   The  approximate 
dimensions  and  configurations  of  Mine  Tunnels  No.  1  and  No.  2  are  shown  in  figures  2  and 
3. 
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Figure  2.    Mine  Tunnel  No.  1. 
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Figure  3.   Mine  Tunnel  No.  2 


TESTING 


Water  Quality  Analysis 

Background 

The  passage  of  the  Federal  Water  Pollution  Control  Act  Amendments  in  1972  compelled 
States  to  assess  nonpoint-source  pollution  resulting  from  land-use  activities  and  to  develop 
watershed  management  practices  to  minimize  this  pollution.   The  Clean  Water  Act  of  1987 
directs  States  to  further  define  nonpoint-source  pollution  and  to  identify  cumulative  effects 
from  multiple  land-use  activities  (/).   Nonpoint-sources  are  diffuse  in  nature  and  are  not 
regulated  through  the  permit  program  of  the  Clean  Water  Act.   Such  activities  include 
agriculture,  forestry,  construction,  and  abandoned  and/or  inactive  mines.   The  primary 
pollutants  normally  associated  with  these  activities  are  sediment,  salinity,  heavy  metals, 
nutrients  (phosphorus  and  nitrogen),  and  bacteria  (2). 

Mining  activities  historically  have  had  a  detrimental  impact  on  the  water  quality  of  the  local 
drainage  basin.   Mine  workings  expose  mineralized  veins  to  the  atmosphere  where  the  action 
of  the  air  and  water  oxidize  sulfides  and  create  acidic  mine  drainage.   The  acidic  solutions  are 


capable  of  leaching  metals  from  the  surrounding  mineralized  host  rock.   The  acidic  metal- 
laden  waters  eventually  travel  from  the  immediate  mine  location  and  enter  local  surface  and 
ground  water  systems  causing  a  degradation  of  quality  in  these  water  resources  and  affecting 
human,  plant,  and  animal  life. 

The  Pahaquarry  Mine,  because  of  the  nature  of  ore  deposition,  contains  no  mineralized  veins. 
The  origin  of  ore  deposition  appears  to  be  sedimentary,  involving  the  deposition  of  detrital 
chalcocite  (Cu2S)  grains  within  a  sandstone  unit.  The  minable  deposits  occurred  as  nodules 
and  small  grains  of  chalcocite,  concentrated  within  small  lenses  or  beds,  and  chalcocite  grains 
disseminated  within  the  Medina  Sandstone  member  of  the  Upper  Silurian  High  Falls 
Formation  (5). 

The  areas  of  high  concentration  of  the  ore  mineral  that  would  potentially  cause  water  quality 
problems  appear  to  have  been  removed  by  mining.   The  ore-bearing  sandstone  is  dense  and 
not  readily  permeable,  limiting  the  percolation  of  surface  water  that  might  leach  out  any 
disseminated  ore  remaining  in  the  sandstone.  The  vertical  joint  planes  could  serve  as 
pathways  for  water  to  flow  through  the  unit  and  leach  out  any  residual  sulfides  (3).   Analysis 
of  rock  components  revealed  that  the  concentration  of  copper  and  sulfur  in  the  rock  is  low. 
Table  1  contains  the  results  of  chemical  analyses  conducted  on  host  rock  samples. 
(Concentrations  are  expressed  in  percentages  and  in  parts  per  million,  for  comparison  with  the 
units  of  the  water  quality  analyses  results.)   The  results  indicate  that  of  the  component 
analytes,  iron  would  be  the  most  likely  constituent  to  contribute  to  water  quality  degradation 
(4).   Iron  did  not,  however,  appear  to  be  present  in  high  concentration  in  the  mine  water. 

Samples  of  water  were  collected  from  standing  ponds  within  the  upper  and  lower  workings  of 
the  Pahaquarry  Mine.   The  samples  were  analyzed  for  constituents  that  would,  if  present  in 
high  concentrations,  degrade  the  quality  of  the  local  surface  water  system  receiving  pond 
drainage.   The  results  of  water  quality  analysis  are  included  in  Table  2. 

Results 

PH 

The  pH  of  pure  water  at  25  °C  is  7.00.   The  pH  of  most  U.S.  ground  water  falls  within  the 
range  of  6.0  to  8.5.    River  water  in  the  United  States  not  affected  by  pollution  generally  has  a 
pH  range  of  6.5  to  8.5  (5).   The  Pahaquarry  water  samples  fall  within  the  range  of  natural 
surface  and  ground  water. 

Conductivity 

Conductivity  is  a  measure  of  the  ability  of  water  to  conduct  an  electrical  current  and  is  a 
convenient  and  rapid  method  to  estimate  the  quantity  of  dissolved  solids  in  the  water  (7). 
Conductivity  values  are  affected  by  the  presence  of  chloride  and  metals  dissolved  in  the 
water.   The  conductivity  of  pure  water  is  0.05  |imho/cm.   Distilled  water  has  a  conductivity 


of  1.0  umho/cm,  while  the  conductivity  of  seawater  is  50,000  p.mho/cm.    For  surface  and 
ground  water,  50  fimho/cm  is  considered  low  and  occurs  where  precipitation  is  low  and/or 
rocks  are  chemically  unreactive  (5).    The  Pahaquarry  Mine  water  falls  into  this  conductivity 
range. 

Chloride 

Chloride  is  present  in  all  natural  water  in  low  concentrations,  less  than  1  mg/L  or  1  ppm. 
The  chloride  content  of  the  Pahaquarry  water  is  below  this  value. 

Sulfate 

One  method  by  which  sulfate  is  formed  is  the  weathering  of  sulfide  minerals  by  aerated 
water.   Sulfur  is  oxidized  to  yield  sulfate  ions  that  are  dissolved  in  the  water.    Sulfate  in 
rainfall  ranges  between  1  and  10  mg/L  or  ppm  (5).   The  low  sulfate  values  of  the  Pahaquarry 
water  suggest  that  the  sulfur  content  present  in  the  host  rock  have  little  affect  on  the  sulfate 
concentrations  of  the  water,  because  the  values  are  only  slightly  higher  than  that  of  rainwater. 

Alkalinity 

Alkalinity  of  water  is  the  capacity  to  neutralize  acid.   Alkalinity  of  natural  water  is 
contributed  by  the  bicarbonate,  carbonate,  and  hydroxide  species  and  is  pH  dependent.   The 
property  of  alkalinity  is  determined  by  titration  with  a  strong  acid.   The  end  point  of  the 
titration  is  the  pH  at  which  virtually  all  solutes  contributing  to  alkalinity  have  reacted. 
Alkalinity  is  expressed  in  equivalency  of  calcium  carbonate  (CaC03).   Most  natural  waters 
have  an  alkalinity  in  the  range  of  milliequivalents  per  liter  range  (7,  5).   The  Pahaquarry 
Mine  water  falls  within  this  range. 

Calcium  and  Magnesium 

The  concentrations  of  calcium  (Ca)  and  magnesium  (Mg)  together  are  considered  the  measure 
of  water  hardness. 

Calcium  is  the  most  abundant  alkaline-earth  metal  and  is  a  major  constituent  of  many 
common  rock-forming  minerals.   As  a  result,  calcium  is  the  predominant  cation  in  naturally 
occurring  waters.   The  average  concentration  of  calcium  in  river  water  ranges  from  13.4  to  15 
mg/L  or  ppm  (5).   Most  waters  associated  with  granite  or  siliceous  sandstones  contain  less 
than  10  mg/L  or  ppm  calcium  (7).   The  concentration  of  calcium  in  the  Pahaquarry  water  is 
below  river  water  range,  but  slightly  above  that  of  water  associated  with  siliceous  sandstone. 

Magnesium  in  soft  water  ranges  between  1  and  2  mg/L  or  ppm,  whereas  waters  associated 
with  rock  composed  of  magnesium-bearing  minerals  may  contain  20  mg/L  magnesium  (7). 
The  magnesium  concentration  in  the  Pahaquarry  water  is  above  the  value  for  soft  water,  but  is 
not  a  threat  to  water  quality. 


Sodium  and  Potassium 

Sodium  (Na)  and  potassium  (K)  are  members  of  the  alkali-metal  group  of  the  Periodic  table. 
In  dilute  natural  waters  the  sum  of  the  concentrations  of  these  two  elements  are  usually  less 
than  10  mg/L.   The  concentrations  of  sodium  and  potassium  in  Pahaquarry  water  fall  within 
this  range. 

Metals 

Metal  concentrations  in  water  can  affect  the  health  of  aquatic  flora  and  fauna.   The  list  of 
metals  that  were  analyzed  in  the  Pahaquarry  water  samples  are  included  in  Table  2.   All  of 
the  metal  concentrations  are  below  the  detection  capabilities  of  the  analytical  equipment  used. 
There  may  be  risk  that  some  of  the  metals  occur  in  concentrations  high  enough  to  pose  a 
threat  to  aquatic  life.   To  determine  if  such  is  the  case,  costly  analyses  using  laboratory 
methods  that  can  detect  much  lower  concentrations  of  a  given  metal  would  have  to  be 
performed.   Given  the  relatively  small  volume  of  water  present  in  the  Pahaquarry  Mine,  these 
results  are  adequate  to  assure  that  there  are  no  very  large  concentrations  of  any  one  of  the 
metals  analyzed  that  might  pose  a  threat  to  aquatic  life  if  the  water  were  to  be  discharged  to 
the  local  surface  water  system. 

Conclusions 

The  results  from  the  water  quality  analysis  of  samples  collected  from  ponds  within  the 
Pahaquarry  Mine  indicate  that  the  water  is  similar  in  composition  to  naturally  occurring, 
unpolluted  waters.   There  appears  to  be  no  significant  elevation  of  metal  concentration  or 
reduction  in  pH  in  the  mine  water  resulting  from  contact  with  mineralized  zones. 

Table  1.   Results  from  the  Chemical  Analysis  of  Host  Rock  Samples 

Analyte  Concentration,  %         Concentration,  ppm 

Copper 

Sulfur 

Iron 

Calcium  Oxice    

Magnesium  Oxide 


0.11 

■0.38 

1,100 

-   3,800 

0.04 

■0.06 

400 

-      600 

2.64 

-2.65 

26,400  - 

26,500 

0.78 

7,800 

2.11 

21,100 

Table  2.    Results  from  the  Pahaquarry  Water  Sample  Analysis 


Blank        Mine  Tunnel  No.  1        Mine  Tunnel  No.  2 


pH 6.3 

Conductivity,  p.mho 6.33 

Chloride,  ppm <0.1 

Sulfate,  ppm <0.5 

Total  suspended  solids,  ppm  ....  0.003 

Alkalinity '36 

Ca,  ppm <0.070 

Mg,  ppm <0.020 

Na,  ppm <0.002 

K,  ppm <0.001 

Metals,  ppm: 

Ag <0.01 

Al   <0.365 

As <0.311 

B <0.052 

Ba <0.010 

Cd <0.021 

Co <0.043 

Cr <0.035 

Cu <0.0051 

Fe <0.022 

Mn    <0.023 

Mo    <0.061 

Ni <0.243 

Pb <0.254 

Th <0.092 

Se <0.001 

V <0.041 

Zn <Q.Q33 

]mg  CaC03  equivalent/L  at  pH  3.3 
2mg  CaC03  equivalent/L  at  pH  3.5 


6.6 

49 

0.8 

10.9 

0.006 

24 

11.3 

4.71 

1.0 

0.3 

<0.01 
<0.365 
<0.311 
<0.052 
<0.082 
<0.021 
<0.043 
<0.035 
<0.0051 
<0.022 
<0.023 
<0.061 
<0.243 
<0.254 
<0.092 
<0.001 
<0.041 
<0.033 


6.7 

59 

0.8 

11.7 
0.003 

242 


Air  Quality  Testing 

Monitoring  of  Radon  Gas 

Ten  radon  gas  detectors  were  set  along  the  roof  of  Tunnels  1  and  2  for  a  period  of  30  days 
(3/9/93-4/8/93).   As  a  control,  the  detectors  were  placed  in  pairs  with  six  detectors  in  Tunnel 
1  and  four  in  Tunnel  2.   The  locations  of  the  detectors  are  shown  on  figures  4  and  5. 
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Figure  4.    Radon  detector  locations  in  Mine 
Tunnel  No.  1. 
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Figure  5.    Radon  detector  locations  in 
Mine  Tunnel  No.  2. 


The  test  results  are  given  in  table  3  with  the  average  radon  concentration  in  picocuries  per 
liter  (pCi/L)  being  the  values  of  interest.   The  paired  detectors  in  Tunnel  1  give  consistent 
results  with  the  measurements  100  ft  from  the  portal  of  189.2  and  174.7  pCi/L,  in  the 
crosscut  44.4  and  41.7  pCi/L,  and  in  the  crosscut  near  the  back  tunnel  of  52.8  and  44.7 
pCi/L.  All  the  measurements  in  Tunnel  2  show  nearly  the  identical  values  with  one  another. 
To  determine  potential  exposure  to  radon  daughters  (radioactive  radon  decay  products),  the 
average  radon  gas  concentration  must  be  converted  to  a  working  level  (WL),  which  is 
calculated  by  dividing  the  average  radon  gas  concentration  by  100  then  multiplying  by  a 
number  ranging  from  0.2  to  0.8  to  provide  an  estimate  of  the  radon  daughter  level  or  WL. 
In  well-ventilated  mines  the  factor  can  be  as  low  as  0.2;  whereas  in  poorly  ventilated  mines 
the  factor  can  be  up  to  0.8.   The  tunnels,  both  with  unventilated  dead  ends,  were  subject  to 
only  natural  ventilation  during  the  test  period.    Because  of  these  existing  conditions  the 
tunnels  are  probably  not  well  ventilated,  though  the  amount  of  air  exchange  during  the  test 
period  is  not  known.   For  Tunnel  1,  the  estimated  radon  daughter  level  could  range  from 
0.38  to  1.5  WL  for  the  189.2  pCi/L  measurement  and  from  0.08  to  0.33  WL  for  the  41.7 
pCi/L  measurement.   The  highest  measurements  are  near  the  vertical  fracture  zone  where  the 
roof  failures  have  developed.    For  Tunnel  2,  the  highest  radon  gas  measurement  of  5  pCi/L 
could  result  in  a  radon  daughter  level  of  0.01  to  0.04  WL. 


The  allowable  exposures  to  radon  daughters  for  workers  in  metal  and  nonmetal  mines  is 
established  by  the  Mine  Safety  and  Health  Administration  (MSHA)  and  are  set  forth  in  30 
CFR  57.5037.    The  radon  daughter  levels  in  Tunnel  2  are  below  statutory  limits;  the  data 
indicates  that  the  allowable  levels  are  exceeded  in  Tunnel  1  at  the  measuring  site  nearest  the 
portal  and  may  be  exceeded  at  the  other  two  measurement  sites,  depending  on  the  amount  of 
ventilation.   In  general,  MSHA  requires  the  radon  daughter  level  for  workers  should  be  kept 
below  0.33  WL,  with  special  monitoring  or  sampling  required  at  0.1  and  0.33  WL.    Workers 
can  be  in  concentrations  greater  than  0.33  WL,  but  more  extensive  sampling  and  exposure 
records  are  required.    The  total  annual  exposure  should  not  exceed  4  Working  Level  Months 
(0.33  WL  *  12  months).   These  procedures  are  required  regardless  of  the  length  of  exposure. 
Further  sampling  should  be  conducted  to  establish  the  actual  radon  daughter  levels  and  how 
those  levels  change  with  time  and  weather  conditions.   Sampling  should  be  carried  out  for 
the  times  of  the  year  the  facility  is  expected  to  be  used.    For  the  construction  and 
rehabilitation  phase  a  sampling  program  also  should  be  established.    As  an  alternative  to 
administrative  controls  to  reduce  the  radon  gas  level,  engineering  control  measures  such  as 
increased  ventilation,  sealing  the  rock,  or  bleeding  the  radon  through  boreholes  could  be 
attempted.    Increasing  the  ventilation  would  ensure  a  reduction  in  radon  gas  but  would 
probably  be  the  most  costly.    Sealing  the  rock  and  creating  ventilation  boreholes  may 
improve  the  situation  but  may  prove  inadequate  to  reduce  the  levels  of  radon.   The  fractured 
rock  mass  would  be  very  difficult  to  adequately  seal,  and  this  initial  process  could  be  costly. 

Table  3.    Radon  Monitoring  Results 

Detector  number  Exposure  pCi/L-days1       Average  radon  Concentration, 

pCi/L 

Mine  Tunnel  No.  1: 

3098457 5674.6  189.2 

3098467 5240.8  174.7 

3098473 1330.8  44.4 

3098474 1251.6  41.7 

3098482 1582.7  52.8 

3098488 1341.5  44.7 

Mine  Tunnel  No.  2: 

3098453 150.8  5.0 

3098455  139.1  4.6 

3098480 146.1  4.9 

3098487 ULT 3/7 

thirty-day  exposure  from  3/9/93  to  4/8/93. 


Monitoring  of  Other  Gases 

The  air  quality  in  Mines  No.  1  and  No.  2  was  evaluated  using  an  Industrial  Scientific 
Corporation  CMX  270,  serial  number  9104052-0401.   Of  particular  interest  was  the  amount 
of  oxygen  (02),  methane  (CH4),  and  carbon  monoxide  (CO).   The  instrument  was  calibrated 
prior  to  making  the  measurements.   The  results  indicated  there  were  no  air  quality  problems 
based  on  these  measurements,  agreeing  with  previous  measurements  recorded  by  MSHA.   The 
results  of  the  measurements  are  as  follows: 

Oxygen  (02)  20.7  % 

Methane  (CH4)  00.0  % 

Carbon  Monoxide  (CO)         000  ppm 

MINE  STABILIZATION 


The  stabilization  of  many  u 
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nderground  excavations  requires  a  combination  of  natural  support. 

introduction  of  mechanical  support  components.   The  type  of 
mechanical  support  can  range  from  roof 
bolts  installed  in  conjunction  with  6-in- 
square  roof  plate,  to  steel  trusses  used  in 
conjunction  with  metal  screening  and 
lagging,  or  steel  trusses  used  in  conjunction 
with  metal  screening  or  lagging.    Scaling 
port(  and  monitoring  would  still  be  required  to 

constantly  apprise  the  situation  because  of 
the  potential  of  rock  movement. 
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Figure  6.   Plan  view  of  the  layer  boundaries  in 
Mine  Tunnel  No.  1. 


Mine  Tunnel  No.  1 

Existing  Roof  and  Sidewall  Conditions  - 
Mine  Tunnel  No.  1 

The  roof  follows  the  shale  bedding  that 
forms  the  hanging  wall  from  the  portal  to  a 
depth  of  86  ft  (appendix  D,  photograph  3). 
The  hanging  wall  is  the  rock  on  the  upper 
side  of  an  inclined  vein.   From  54  ft  to  86  ft 
two  vertical  fracture  sets  or  similarly 
oriented  breaks  in  the  rock  mass,  almost 
parallel  to  the  tunnel,  are  located  in  the  roof 


Reference  to  specific  products  does  not  imply  endorsement  by  the  U.S.  Bureau  of  Mines. 
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near  the  high  sidewall  (vertical  wall  on  either  side  of  the 
tunnel).  In  this  same  zone,  there  are  three  main  layers:  a 
lower,  middle,  and  upper  layer  exposed  by  the  spalling 
or  failure  of  the  roof  (appendix  D,  photographs  4-8,  10). 
Figure  6  shows  a  plan  view  of  the  layer  boundaries  and 
the  two  main  vertical  fracture  sets,  and  figures  7,  8,  and 
9  show  cross  sections  taken  at  A-A,  B-B,  and  C-C.   The 
lower  layer  is  4  to  6  in  thick,  the  middle  layer  20  to  24 
in  thick,  and  the  upper  layer  10  to  12  in  thick.   Each 
fracture  set  is  a  zone  8  to  10  in  wide  containing  four  to 
six  vertical  fractures.   The  first  fracture  set  extends  from 
54  to  74  ft  and  cuts  across  the  lower  and  middle  layers 
but  does  not  appear  in  the  exposed  section  of  the  upper 
layer.   The  second  fracture  set  extends  from  74  to  86  ft 
and  cuts  across  the  middle  and  upper  layers  but  does  not 
penetrate  the  overlying  roof.   A  small  amount  of  water 
was  dripping  from  the  second  fracture  set.   The  upper 
layer  appears  to  be  solid,  even  near  the  fracture.     For 
the  middle  layer,  there  was  loose  material  along  the 
exposed  vertical  edge  even  though  the  layer  was  solid 
near  the  first  fracture  set.    The  immediate  hazard  is  the 
small  block  that  extends  between  the  two  fracture  sets 
on  the  high  side  of  the  tunnel  as  shown  in  cross  section 
B-B.   For  the  lower  layer,  there  is  a  small  slab  that 
extends  out  along  the  first  fracture  that  may  present  a 
hazard,  although  it  was  solidly  attached  to  the  roof. 
There  are  also  single  fractures  that  cut  across  the  roof  at 
various  angles.   One  set  of  fractures  cuts  across  the 
tunnel  at  an  angle  of  about  30°  toward  the  portal  from 
the  high  to  low  side.   The  first  fracture  is  at  52  ft  and 
extends  about  3  ft  across  the  lower  layer.   The  second 
fracture,  at  approximately  60  ft,  penetrates  the  lower 
layer  into  the  middle  layer  crossing  the  entire  tunnel 
width.   A  third  fracture,  at  about  66  ft,  penetrates  the 
lower  and  middle  layers  but  extends  only  3  ft  across  the 
tunnel.   From  86  to  1 10  ft  the  three  layers  have  either 
fallen  naturally  or  been  manually  brought  down.   The 
roof  has  stabilized  in  the  overlying  sandstone,  which 
appears  to  be  competent.    Neither  fracture  set  appears  to 
have  penetrated  into  this  sandstone. 


Upper  layer 

Fracture  set 
Middle  layer 

Lower   layer 


Scale, ft 


Figure  7.   Cross  section  A-A. 
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——Middle  layer 
—  Fracture  set  2 
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Figure  8.    Cross  section  B-B. 
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From  110  ft  to  the  crosscut,  the  roof  is  formed  under  the 

shale  beds;  however,  the  tunnel  is  narrower,  exposing 

less  of  the  hanging  wall.   More  rock  was  left  along  the     Figure  9.  Cross  section  C-C. 
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low  sidewall,  whereas  the  high  sidewall  is  lower.   The  roof  appears  to  be  competent  with 
only  a  small  amount  of  material  having  spalled  from  the  roof  and  sidewalls,  an  indication  of 
stability.   The  roof  in  the  crosscut  and  the  back  tunnel  also  appear  stable,  with  no  signs  of 
any  major  roof  problems.    A  small  amount  of  water  was  dripping  from  the  roof  near  the 
junction  of  the  crosscut  and  the  back  tunnel. 

Along  the  high  sidewall  from  the  portal  to  110  ft  there  are  loose  rocks  and  slabs  caused  by 
the  opening  and  the  bedded  structure  especially  along  the  upper  portion  of  the  wall.    Inby, 
toward  the  interior  of  the  mine  from  110  ft,  less  loose  material  has  been  formed. 

The  area  that  will  be  most  prone  to  roof  failure  is  the  zone  containing  the  two  main  vertical 
fracture  sets  from  54  to  86  ft,  a  zone  where  spalling  and  roof  falls  apparently  have  previously 
occurred.   The  exact  mechanism  of  failure  cannot  be  determined  because  there  is  a  lack  of 
sufficient  data.   However,  based  on  the  geologic  information  gathered,  certain  conjectures  can 
be  developed  as  to  the  probable  causes  or  the  factors  influencing  the  failures.   It  can  be 
speculated  that  the  two  fracture  sets  are  probably  the  main  factors  in  the  failure  of  the  roof. 
For  the  first  50  ft  of  the  lower  tunnel  the  same  shale  beds  have  remained  stable,  as  has  the 
last  60  ft  of  the  upper  tunnel,  where  the  same  layers  appear  to  compose  the  hanging  wall 
roof.   Over  a  period  of  time,  these  fractures  loosened  and  material  may  have  spalled  from 
them.   Water  could  degrade  the  fractures  and  the  bedding  planes  between  various  layers,  thus 
weakening  the  roof.    Bedding  planes  are  division  planes  that  separate  individual  layers.    If  the 
two  fracture  sets  are  projected  into  the  failed  area,  the  result  would  be  a  fall  of  ground  1  to  2 
ft  wide  between  the  fractures.   This  is  similar  to  the  loose  block  of  the  middle  layer  between 
the  two  fractures.   If  such  a  zone  failed  and  spalled  up  through  the  middle  layer  and  back 
along  the  fracture  system,  a  cantilevered  section  would  form  in  the  roof.   A  certain  distance 
of  the  roof  along  the  fracture  would  have  to  be  exposed  to  result  in  a  roof  failure.     If  the 
lower  and  middle  layers,  out  to  approximately  86  ft,  failed  in  the  described  roof  action,  about 
20  tons  of  material  would  have  fallen. 

From  54  to  86  ft  there  is  still  approximately  50  tons  of  material  in  the  three  layers.   The 
thickness  of  this  roof  ranges  from  about  1  ft,  where  only  the  upper  layer  still  exists,  to  3  to 
3.5  ft,  where  all  three  main  layers  are  retained  in  the  immediate  roof.   However,  for  the 
remaining  roof  section,  there  is  only  a  small  section  of  the  middle  layer  that  is  exposed  to 
both  fracture  sets.   Also,  before  74  ft,  the  second  fracture  set  does  not  intersect  the  upper 
layer  in  the  exposed  roof.    Both  of  these  conditions  may  indicate  that  the  remaining  roof  is 
more  stable  than  the  previously  failed  roof. 

Roof  and  Sidewall  Control  Alternatives  -  Mine  Tunnel  No.  1 

There  are  several  methods  that  can  be  used  to  monitor,  control,  or  stabilize  the  roof  and 
sidewalls.   Each  method  could  assist  in  maintaining  safe  underground  conditions.   However, 
periodic  examinations  of  the  roof  conditions  will  still  have  to  be  conducted  regardless  of  the 
method  selected.   The  resource  impact  on  the  tunnel  will  also  greatly  vary  depending  on  the 
method  chosen  to  stabilize  the  roof.   The  principal  area  of  concern  for  roof  control  is  from  54 
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to  86  ft.   However,  the  roof  in  the  rest  of  the  tunnel  must  still  be  examined,  with  scaling 
being  performed  to  remove  any  loose  material.    For  stabilization  of  the  sidewalls,  the 
potential  problems  are  from  the  portal  to  about  a  distance  of  110  ft  along  the  high  sidewall. 

Roof  Stabilization  -  Mine  Tunnel  No.  1 

No  Reinforcement 

The  first  phase  of  this  option  would  require  the  removal  of  loose  or  separated  pieces  of 
material.   This  work  can  be  dangerous  and  should  be  performed  by  experienced  personnel.   If 
no  reinforcement  is  used  there  is  the  potential  for  small  pieces  to  spall  from  the  roof,  as  well 
as  a  larger  roof  fall.   There  is  still  approximately  50  tons  of  material  in  the  roof  along  the 
described  fracture  sets.   However,  the  large  failures  have  not  been  frequent.    Records  indicate 
that  one  failure  occurred  in  the  early  1900's  and  another  in  1989  (based  on  discussions  with 
NPS  historian,  Berle  Clemenson).    Conditions  may  be  more  stable  in  the  remaining  roof.    If 
no  reinforcement  is  used,  then  it  is  necessary  to  determine  when  or  if  another  large  roof  fall 
may  occur  and  to  ensure  that  this  does  not  occur  unexpectedly.    It  may  be  possible  to  scale 
the  roof  as  it  weakens,  thus  preventing  any  larger  roof  fall  from  developing.   There  are 
certain  procedures  that  could  be  adopted  to  follow  such  a  plan.   The  first  step  would  be  to 
periodically  examine  and  scale  the  roof,  noting  the  roof  conditions.    Additionally,  detailed 
maps  or  photographic  records  of  the  roof  area  should  be  kept  to  provide  documented  evidence 
of  changes  in  the  roof  configuration  or  deterioration.   These  could  be  supplemented  by 
monitoring  the  roof  convergence  or  displacement  between  layers  with  various  types  of  rock 
mechanics  instrumentation.   These  measurements  could  provide  quantitative  data  on  any 
changes  in  the  roof  conditions.   The  established  data  base  could  then  be  used  to  determine  if 
any  changes  in  the  stability  of  the  roof  are  occurring  that  could  lead  to  potential  roof  fall. 

This  method  requires  experience  at  examining  and  scaling  the  roof,  as  well  as  obtaining  and 
interpreting  any  measurements  that  might  be  taken.   Instrumentation,  if  used,  would  not  be 
visually  intrusive.   It  may  require  placement  on  the  rocks  of  temporary  anchors  or  reference 
points  for  measurements  or  the  instruments  themselves.   This  method  will  not  increase  the 
stability  of  the  roof  unless  scaling  removes  a  sufficient  amount  of  material. 

Artificial  Roof  Support 

Fully  grouted  bolts  should  be  used  because  of  the  moisture  and  water  conditions.   Several 
types  of  bolts  could  be  installed  including  headed  or  threaded  rebar  and  cables.   Figure  10 
shows  a  likely  bolting  pattern  in  cross  section.   One  row  of  roof  bolts  should  be  placed  close 
to  the  vertical  fractures  and  the  other  near  the  center  of  the  tunnel.   At  least  2  feet  of  the 
grout  column  should  be  anchored  into  the  rock  above  or  beyond  the  potential  failure  plane  at 
the  top  of  upper  layer  (Appendix  E).    A  specific  bolt  that  could  be  used  is  a  3/4-in-diam 
headed  rebar  made  from  grade  60  steel  (60,000  psi  yield  strength  -  Appendix  E).   If  the  bolts 
are  placed  along  the  tunnel  on  3-ft  spacings  with  the  roof  being  suspended,  the  following 
calculations  can  be  made: 
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Volume  of  rock  -  84  ft3 
Rock  density  -  150  lb/ft3 
Rock  weight  -  12,600  lb 
Bolt  capacity  -  26,500  lb 
Number  of  bolts  -  2 
Bolt  system  capacity  -  53,000  lb 

The  factor  or  degree  of  safety  can  be 
approximated  using  the  following 
relationships  and  formulas: 

Safety  factor  (SF) 

SF  =  System  capacity/rock  weight 

SF  =  53,000  lb/12,600  lb 

SF  =  4.2 

The  calculations  are  based  on  the 
assumptions  that  the  rock  is  of  sufficient 
strength  that  a  2-  ft  grout  column  will  exceed 
the  bolt  yield  strength.    Approximately 
twenty-four  6-ft-long  bolts  would  be  grouted 
into  1-in-diam  drill  holes  with  a  competent  6 
in  by  6  in  bearing  plate.   Figure  1 1  shows  a 
plan  view  of  the  bolting  pattern  for  the  tunnel 
from  about  54  to  86  ft  from  the  portal. 
However,  the  exact  roof  bolt  locations  will 
have  to  be  identified  in  the  field. 

The  bolt  system  will  require  no  maintenance. 
However,  some  loose  pieces  may  develop 
along  the  roof  between  the  bolts,  along  the 
layer  edges,  and  along  the  two  main  fractures. 
This  material  will  have  to  be  periodically 
scaled.   Wire  mesh  could  be  incorporated  into 
the  system  to  prevent  the  spalling  of  material 
but  would  not  increase  the  stability  of  the 
reinforced  roof.   The  mesh  would  be  held 
tightly  against  the  mine  roof  with  the  roof 
bolts  and  bearing  plates.   Spot  bolting  could 
be  performed  between  the  fractures  and  the 
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Figure  10.   Recommended  roof  bolt  pattern  for 
Mine  Tunnel  No.  1,  side  view. 
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Figure  1 1 .  Recommended  roof  bolt  pattern  for 
Mine  Tunnel  No.  1,  plan  view. 


sidewall  to  minimize  roof  spalling  in  this  area.  This  type  of  reinforcement  system,  if  properly 
installed,  should  prevent  any  large  failure  of  the  roof.  The  visual  impact  of  this  system  would 
be  the  exposure  of  the  bearing  plates  and  the  head  of  the  bolts  along  the  roof  and  the  mesh,  if 
used. 
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An  alternative  to  the  placement  of  roof  bolts  would  be  the  incorporation  of  steel  sets  to 
support  the  described  roof  material.    Steel  sets  are  simply  I-beam  steel  members  cut  and 
welded  to  form  roof  support.   A  4-in  I-beam,  W4  X  13  (AISC  1990),  with  a  minimum  flange 
width  of  4-in,  would  be  adequate  to  support  the  loads  generated  by  the  falling  material.   Five 
steel  sets  would  be  strategically  placed  along  the  entry  starting  at  approximately  50  ft  from 
the  portal  and  spaced  at  about  10-ft  intervals  to  a  distance  of  about  90  ft.    Additionally,  metal 
lagging  or  steel  mesh  can  be  incorporated  with  the  steel  sets  to  limit  the  fall  of  small  pieces 
of  material.   As  expected,  steel  sets  would  provide  a  high  degree  of  safety,  require  very  little 
maintenance,  but  would  have  a  visual  impact  on  the  supported  area,  especially  if  used  with 
lagging  or  steel  mesh. 

Removal  of  Material 

The  three  layers  could  be  removed  by  drilling  and  blasting  using  horizontal  or  vertically 
drilled  holes  for  a  distance  of  from  54  to  86  ft  from  the  portal.   This  would  require  the 
removal  of  about  50  tons  of  material,  approximately  1,000  ft3  using  a  bulking  factor,  but 
would  eliminate  most  of  the  potentially  unstable  section  of  the  roof.   No  reinforcement  would 
be  planned  for  the  remaining  roof.   Although  this  roof  horizon  appears  to  be  stable  and  the 
fracture  sets  do  not  appear  to  extend  into  this  roof  horizon  where  exposed  by  the  failed 
layers,  there  is  no  guarantee  that  the  same  conditions  will  exist  in  this  roof  horizon  from  the 
54  to  86  ft  still  covered  by  the  shale  layers  and  could  not  be  examined.    Additionally,  the 
high  sidewall  height  will  be  increased  by  3  to  3.5  ft  for  a  distance  of  32  ft,  increasing  the 
potential  for  additional  spalling  from  this  sidewall.   Once  the  roof  is  mined,  periodic 
examination  and  scaling  would  still  be  required,  but  the  main  hazard  would  be  eliminated. 

Sidewall  Stabilization  -  Mine  Tunnel  No.  1 

The  high  sidewall  from  the  portal  to  about  1 1 0  ft  is  the  zone  of  primary  concern  for 
stabilization.   The  main  problem  is  the  spalling  of  loose  material  and  slabs  formed,  caused  by 
the  daylighting  of  the  bedding,  especially  along  the  upper  portion  of  the  wall.   The  wall  in 
this  section  ranges  from  8  to  12  ft  high.   In  general,  the  high  sidewall  does  not  present  the 
same  hazard  as  a  large  roof  fall.   The  conditions  along  the  high  wall  could  be  controlled  by 
scaling,  especially  if  the  present  loose  material  and  rock  are  removed  during  the  initial  tunnel 
rehabilitation.   The  highwall  should  then  be  periodically  examined  and  any  loose  material 
scaled  and  removed. 

Reinforcement  utilizing  grouted  bolts,  in  conjunction  with  wire,  chain  link,  or  geosynthetic 
mesh  could  be  installed  to  support  the  sidewall.   The  support  system  would  be  designed  to 
hold  or  retain  any  loose  material  along  the  wall.    If  the  upper  portion  of  the  side  wall  is 
supported,  a  bolting  pattern  with  one  bolt  near  the  roof  and  one  located  near  the  center  of  the 
wall  with  a  4-  to  6-ft  spacing  along  the  tunnel  would  hold  the  chain  link  or  mesh  in  place.   If 
the  entire  high  wall  is  to  be  supported,  a  third  bolt  would  be  placed  near  the  bottom  with  the 
mesh  extended  to  the  floor.   The  bolts  could  be  4-ft  resin-grouted  rebar  with  6-in  bearing 
plates.   Chain  link  and  geosynthetic  mesh  would  be  preferred  because  they  will  conform  to 

15 


the  irregular  surfaces.   The  geosynthetic  mesh  would  be  least  susceptible  to  water  and  the 
easiest  to  install. 

Some  spalling  does  occur  along  the  low  sidewall  but  scaling  would  be  acceptable  to  control 
this,  as  well  as,  the  high  sidewall  and  sidewalls  in  the  rest  of  the  tunnel.   Again,  these 
sections  would  still  require  periodic  examinations  and  scaling  to  remove  loose  material. 

Floor  Remediation  -  Mine  Tunnel  No.  1 

Material  has  accumulated  on  the  floor  from  the  roof  and  the  sidewalls  that  present  a  tripping 
and  slipping  hazard.   From  the  portal  to  about  60  ft  there  are  scattered  blocks  of  sandstone 
that  range  in  size  from  0.5  to  1  ft3  with  a  total  volume  of  approximately  5  ft3.   From 
approximately  65  ft  to  110  ft  there  is  a  large  pile  of  material  that  covers  the  floor  to  a  depth 
of  about  3  ft.   The  estimated  material  volume  is  700  ft3,  weighing  approximately  35  tons, 
with  several  pieces  in  the  size  ranges  from  1  ft  by  2  ft  and  1  ft  by  3  ft.   The  thickness  of  the 
pieces  range  from  6  to  9  in.   The  material  not  only  creates  a  tripping  hazard,  but  is  very 
slippery  from  the  dripping  water,  forming  mud  from  the  shale  layers.     The  material  would 
have  to  be  removed  before  rehabilitation  or  reinforcement  of  the  roof  to  allow  adequate  room 
to  work.   From  1 10  ft  to  the  end  of  the  tunnels  there  is  only  a  few  cubic  feet  of  material  that 
would  need  to  be  cleaned  up. 

Mine  Tunnel  No.  2 


Existing  Roof  and  Sidewall  Conditions  -  Mine  Tunnel  No.  2 

The  rock  surrounding  the  portal  is  blocky  and  contains  open  fractures.    Because  of  drainage, 
the  area  on  the  left  side  of  the  portal  has  been  partially  undermined  by  erosion  (Appendix  D, 
photographs  1  and  2).   This  created  an  overhang  of  rock  for  a  distance  of  approximately  3  ft 
beyond  the  present  wood  door  (Appendix  D,  photograph  3).   Directly  above  the  portal,  there 
is  a  block  of  rock  weighing  about  600  lb  that  is  not  well  keyed  into  the  surrounding  rock 
structure  (Appendix  D,  photograph  4).   This  block  represents  the  most  apparent  hazard  in  the 
tunnel.   Open  fractures  are  visible  along  the  sides  of  the  block  and  there  is  an  open  vertical 
fracture  behind  the  block  where  the  wooden  door  was  installed. 

Immediately  behind  the  wooden  door,  there  is  a  block  of  rock  that  extends  down  2  ft  below 
the  surrounding  roof  (Appendix  D,  photograph  5).   The  block  is  isolated  by  the  vertical 
fracture,  partially  hidden  by  the  wood  door  and  an  additional  vertical  fracture  located  3  ft 
deeper  into  the  tunnel.   The  block  is  also  exposed  at  the  bedding,  near  the  low  sidewall. 
However,  the  block  is  well  keyed  into  the  high  sidewall  and  firmly  attached  to  the  roof.   This 
is  the  largest  exposed  block  of  rock  in  the  tunnel  with  dimensions  of  2  ft  by  2  ft  by  3  ft   At 
the  present  time,  this  block  is  more  of  an  inconvenience  than  a  major  hazard.   The  block 
makes  it  difficult  to  get  in  and  out  of  the  door  because  of  the  low  clearance.   There  are 
several  other  large  open  vertical  fractures  that  are  formed  perpendicular  to  the  tunnel  in  the 
first  20  ft.   These  fractures  give  this  section  an  appearance  of  being  loose.   These  fractures  do 
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not  significantly  affect  the  roof  or  sidewall  stability  except  for  isolating  the  described  blocks 
near  the  portal.    The  roof  and  high  sidewall  have  a  blocky  structure  caused  by  the  daylighting 
of  the  bedding.    As  a  result,  some  loose  slabs  can  be  found  along  the  roof  and  high  sidewall. 

From  20  to  40  ft  there  are  no  large  open  vertical  fractures.   The  tunnel  roof  is  stable  with 
very  little  loose  material  forming.   From  40  to  80  ft  the  roof  follows  along  a  bedding  plane  in 
the  hanging  wall  that  may  be  the  same  shale  beds  that  form  the  roof  in  the  Mine  Tunnel  No. 
1  (Appendix  D,  photographs  7  and  8).   From  80  ft  to  the  end  of  the  tunnel,  the  roof  is 
approximately  2  ft  lower  but  still  follows  the  same  bedding.   The  roof  is  stable  under  these 
layers  with  small  amounts  of  loose  material  forming  along  the  roof  or  sidewalls. 

From  20  ft  to  the  end  of  the  tunnel  only  a  small  amount  of  material  has  spalled  from  the 
sidewalls  and  roof  (Appendix  D,  photograph  7).   This  is  an  indication  of  the  stability.    In  the 
first  20  feet  more  material  has  spalled,  covering  the  floor  with  a  few  inches  of  material. 

Roof  and  Sidewall  Control  Alternatives  -  Mine  Tunnel  No.  2 

The  area  of  concern  is  the  roof  from  the  portal  to  an  approximate  depth  of  20  ft.    In  this 
section  there  are  blocks  of  rock  that  over  time  could  loosen  and  fall  from  the  roof.   The  block 
at  the  portal,  weighing  about  600  lb,  is  the  most  apparent  hazard.   The  large  block  hanging 
from  the  roof  immediately  inside  the  portal  and  weighing  about  1,800  lb  is  well  keyed  into 
the  sidewall  and  roof.    Smaller  blocks  could  also  be  subjected  to  control  methods  in  this 
section.    As  described  in  Mine  Tunnel  No.  1,  different  methods  can  be  used  to  control  the 
roof  and  sidewalls,  each  having  various  degrees  of  cultural  resource  impact.    Again,  periodic 
examination  of  the  tunnel  conditions  will  have  to  be  conducted,  regardless  of  the  method 
selected. 

Roof  Stabilization  -  Mine  Tunnel  No.  2 

No  Reinforcement 

Without  reinforcement,  periodic  monitoring,  visual  examination,  and  scaling  would  have  to  be 
used  to  control  tunnel  conditions.   The  poorly  keyed  block  at  the  portal  could  eventually  fall 
if  not  reinforced.     Although  various  types  of  rock  mechanics  instruments  and  measurements 
could  measure  rock  movement  and  determine  crack  separation,  these  measurements  may  not 
be  very  helpful  in  predicting  if  and  when  the  block  would  fall.   This  is  primarily  due  to  the 
mode  or  type  of  failure,  the  block  position,  and  the  small  size  of  the  block.    It  might  be 
possible  to  remove  the  block;  however,  this  could  lead  to  a  further  failure  of  the  surrounding 
rock  structure  and  leave  a  large  gap  above  the  portal.   At  present,  the  block  can  be  examined 
prior  to  entering  the  portal  area. 

The  large  block  extending  down  from  the  roof  behind  the  existing  wood  door  is  well  keyed 
into  the  roof  and  hanging  wall  and  does  not  appear  to  be  in  danger  of  falling  at  this  time. 
Loose  slabs  along  the  sidewalls  and  roof  in  this  tunnel  section  can  be  controlled  by  scaling. 
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Except  for  the  block  at  the  portal,  periodic  examination  and  scaling  of  the  roof  and  sidewall 
adequately  control  the  conditions.   This  method  will  not  change  the  stability  of  the  roof,  but 
by  continuously  examining  and  scaling,  the  hazards  associated  with  falling  material  can  be 
reduced  or  eliminated.   For  example,  it  may  be  adequate  to  scale  at  the  beginning  of  every 
tourist  season  and  monitor  roof  conditions  on  a  weekly  basis. 

Artificial  Roof  Support 

A  spot  bolting  system  could  be  used  to  reinforce  the  first  20  ft  of  the  tunnel.    In  spot  bolting, 
specific  areas  are  selected  for  reinforcement.   In  this  case  the  location  would  be  based  on 
whether  a  block  of  rock  could  loosen  and  fall,  the  size  of  the  block,  and  the  potential  for 
failure.   The  blocks  to  be  bolted  would  be  determined  primarily  by  a  visual  inspection. 
Because  of  the  existing  water  conditions  that  may  be  modified  by  creating  adequate  drainage, 
fully  grouted  bolts,  described  for  Mine  Tunnel  No.  1,  used  in  conjunction  with  an  adequate 
bearing  plate,  would  be  recommended. 

The  primary  location  for  bolting  is  the  poorly  keyed  block  above  the  portal.    Based  on  the 
size  of  the  this  block  only  one  or  two  bolts  would  be  required.   The  second  location  for 
bolting  could  be  the  block  hanging  from  the  roof,  just  behind  the  existing  wood  door.   Only 
one  or  two  bolts  would  be  required  with  an  additional  bolt  possibly  located  in  the  high 
sidewall,  to  retain  rocks  that  are  keying  the  main  block.    In  these  bolt  installations,  the 
recommended  anchorage  length  must  be  at  least  2  ft  beyond  a  potential  failure  surface.   The 
number  and  direction  of  the  bolts  will  depend  on  the  location  of  failure  surface,  the  location 
of  competent  rock  in  the  adjacent  structure,  and  the  amount  of  room  required  for  installation 
(with  a  limited  clearance  under  blocks).   However,  for  the  block  just  outside  the  portal  door, 
a  possible  bolt  location  could  be  the  center  of  the  block  at  a  direction  of  about  30  degrees 
from  vertical  towards  the  up  dip  side  of  the  tunnel.   For  the  block  inside  the  portal,  a  bolt 
could  be  placed  in  the  center  of  the  block  with  a  direction  from  vertical  to  30°  from  vertical 
toward  the  updip  side  of  the  tunnel.    Final  bolt  locations  should  be  identified  in  the  field  prior 
to  or  during  tunnel  rehabilitation  by  a  person  qualified  in  ground  control  and  stabilization 
methods.   Considering  the  two  blocks  most  likely  to  be  reinforced,   the  bolt  capacity  will 
greatly  exceed  the  expected  loads.    For  the  remaining  tunnel  section,  individual  blocks  could 
also  be  selected  for  bolting.   However,  most  of  these  smaller  blocks  could  be  controlled  by 
scaling. 

Spot  bolting  is  not  designed  to  increase  the  overall  stability  of  the  tunnel,  but  is  designed  to 
prevent  specific  blocks  of  rock  from  falling  from  the  roof  or  side  wall.   The  bolt  heads  and 
bearing  plates  will  be  visible.   The  total  visual  impact  would  be  directly  related  to  the  number 
of  blocks  selected  for  reinforcement.   From  a  maintenance  standpoint,  the  tunnel  would  still 
require  examination  and  scaling  prior  to  the  admittance  of  visitors. 

An  additional  alternative  to  bolting  the  portal  block  would  be  to  wrap  a  cable  around  the 
entire  outcrop  of  rock  above  the  portal.   The  top  of  the  rock  outcrop  is  approximately  6  to  8 
ft  above  the  portal.  The  cable  could  be  placed  where  it  could  run  under  the  poorly  keyed 
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block,  essentially  tying  the  material  together.   This  option  would  have  a  visual  impact  and  at 
the  same  time  require  routine  inspection  and  maintenance.   However,  the  cable  would  be 
above  the  surface  and  may  pose  a  tripping  hazard  for  visitors. 

A  portal  design  option,  presented  in  the  portal  systems  section,  incorporates  two  steel  arch 
supports  with  lagging  material.   This  design  not  only  limits  access  but  serves  as  a  structural 
support  member,  capable  of  retaining  the  described  rock  material.   This  option  would  visually 
impact  the  mine  portal,  but  would  provide  a  high  degree  of  safety  at  the  portal  area. 

Floor  Remediation  -  Mine  Tunnel  No.  2 

When  compared  to  Mine  Tunnel  No.  1,  there  is  very  little  spalled  material  on  the  floor  of 
Mine  Tunnel  No.  2.    It  is  estimated  that  approximately  20  ft3  of  spalled  material,  most  of  it 
occurring  in  the  first  20  ft  of  the  tunnel.   However,  the  material  should  be  placed  to  one  side 
or  removed  to  minimize  the  possibilities  of  tripping  hazards  and  assist  with  the  drainage  of 
any  accumulated  water.   If  the  material  is  removed  it  would  make  it  easier  to  identify  any 
subsequent  roof  or  sidewall  spalls. 

PORTAL  SYSTEMS 

The  portal  design  gates  have  been  designed  to  permit  natural  ventilation,  allow  drainage,  and 
permit  the  free  movement  of  existing  wildlife  in  and  out  of  the  tunnels.   Additionally,  a 
closure  for  the  Decline  Shaft  No.  2  has  been  designed  to  permit  access  by  NPS  personnel, 
provide  limited  viewing,  and  protect  visitors  from  falling  or  slipping  into  the  decline.   The 
attached  designs  are  going  to  have  an  impact  on  the  visual  integrity  of  the  mine  tunnels,  but 
will  meet  the  requirements  of  limiting  accessibility  to  unescorted  visitors. 

Mine  Tunnel  No.  1 

Portal  Design:  Option  #1,  Reinforced  Concrete 

Option  #1  for  Mine  Tunnel  No.  1,  shown  in  figure  12,  is  designed  to  prevent  unauthorized 
entry  to  the  mine  by  using  reinforced  concrete  with  Portland  cement  Type  IIIA.   This  type  of 
cement  was  chosen  due  to  its  ability  to  obtain  high  strength  in  a  short  period  of  time.   The 
concrete  reinforcement  is  designed  in  accordance  with  American  Concrete  Institute  (ACI) 
codes.   Two  #4  reinforcing  bars  are  used  in  a  single  layer  of  reinforcement  at  a  minimum 
wall  thickness  of  6  in.   When  constructing  the  concrete  frame,  it  should  be  formed  to  the 
existing  rock  structure  to  allow  the  concrete  to  form  and  adhere  to  the  rock.   Because  no 
loads  are  expected  to  be  placed  on  the  concrete  wall  and  the  bearing  capacity  of  the  existing 
rock  has  been  calculated  to  be  20%  of  the  ultimate  crushing  strength  of  the  concrete,  the 
footing  is  not  a  major  concern.   Rock  bolts  should  be  installed  within  the  perimeter  of  the 
concrete  and  rock  at  a  minimum  depth  of  12  in  to  supply  lateral  support.     Drainage  is 
provided  by  the  use  of  PVC  pipe  set  in  the  concrete  at  ground  level. 
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The  entrance  door  to  the  mine  is  constructed  in  accordance  to  specifications  for  design 
standards  set  by  American  Institute  of  Steel  Construction  (AISC).   The  support  braces  in  the 
door  are  spaced  at  an  interval  of  6  in  to  enhance  natural  ventilation  and  permit  passage  of 
existing  animal  life.   The  recommended  hinge  support  of  the  door  is  two  Full  Mortise 
Heavyweight  Ball  Bearing  Hinges.   They  supply  durability  and  strength  and  require  little 
maintenance.   The  door  frame  was  designed  using  channel  steel  to  give  protection  to  the  outer 
concrete  edges  of  the  entrance.   The  materials  needed  in  construction  can  be  referred  to  on 
the  drawing. 

Portal  Design:  Option  #2  ,  Alloy  Steel  Space  Cloth 

Option  #2  gate  for  Mine  Tunnel  No.  1  uses  alloy  steel  space  cloth  to  close  the  opening  of  the 
mine.   The  space  cloth  can  be  attached  to  the  rock  by  providing  a  minimum  6-in  lip  around 
the  perimeter  of  the  cloth.   The  space  cloth  can  be  selected  from  a  variety  of  different  sizes. 
Heavier  gauges  can  be  used  to  deter  unauthorized  entry.   The  lip  is  then  fastened  to  the 
surrounding  rock  using  a  6-in  by  6-in  plate  and  rock  bolts.   The  bolts  can  be  anchored  with 
resin  or  concrete  a  minimum  of  8  in  into  competent  rock.   The  entrance  door  support  beams 
are  also  anchor  bolted  to  the  rock.   The  space  cloth  is  attached  to  the  support  beams  by 
welding.   The  door  structure  provides  6-in  spacing  between  braces  to  allow  natural  ventilation 
and  the  passage  of  existing  wildlife.   This  design  provides  enhanced  ventilation,  which  may 
be  important  to  help  evaporate  water  and  dilute  potential  radon  gases.   The  recommended 
hinge  support  of  the  door  utilizes  the  Full  Mortise  Ball  Bearing  Hinge.    Specifications  for  this 
gate  design  and  materials  are  shown  in  figure  13. 

Mine  Tunnel  No.  2 

Portal  Design:  Option  #1,  Reinforced  Concrete 

The  Mine  Tunnel  No.  2  portal  design,  option  #1,  shown  in  figure  14,  is  similar  to  the  design 
proposed  for  Mine  Tunnel  No.  1 .   The  design  should  prevent  unauthorized  entry  to  the  mine 
by  using  a  combination  of  reinforced  concrete  using  Portland  cement  Type  IIIA.   The 
concrete  reinforcement  is  designed  in  accordance  with  ACI  codes  (ACI).   Two  #4  reinforcing 
bars  are  used  in  a  single  layer  of  reinforcement  at  a  minimum  wall  thickness  of  6  in.   In 
constructing  the  concrete  frame,  it  should  be  formed  to  the  existing  rock  structure  to  allow  the 
concrete  to  form  and  adhere  to  the  rock.   Because  no  loads  are  expected  to  be  placed  on  the 
concrete  wall  and  the  bearing  capacity  of  the  existing  rock  has  been  calculated  to  be  20%  of 
the  ultimate  crushing  strength  of  the  concrete,  the  footing  is  not  a  major  concern.   Rock  bolts 
should  be  installed  within  the  perimeter  of  the  concrete  and  rock  at  a  minimum  depth  of  12  in 
on  approximately  18-in  spacings  to  supply  lateral  support.   Drainage  is  provided  by  the  use  of 
PVC  pipe  set  in  the  concrete  at  ground  level. 

The  entrance  door  to  the  mine  is  constructed  in  accordance  to  specifications  for  design 
standards  set  by  AISC.   The  support  braces  in  the  door  are  spaced  at  an  interval  of  6  in  to 
enhance  natural  ventilation  and  permit  passage  of  existing  animal  life.   The  recommended 
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hinge  support  of  the  door  is  two  Full  Mortise  Heavyweight  Ball  Bearing  Hinges.   They 
supply  durability  and  strength  and  require  little  maintenance.   The  door  frame  was  designed 
using  channel  steel  to  give  protection  to  the  outer  concrete  edges  of  the  entrance.   The 
materials  needed  in  construction  can  be  referred  to  on  the  drawing. 

Portal  Design:  Option  #2,  Rectangular  Tubing 

Option  #2  for  Mine  Tunnel  No.  2,  shown  in  figure  15,  was  designed  to  improve  ventilation 
and  allow  passage  of  existing  animal  life,  using  a  6-in  space  between  bracing.   The  steel 
fabrication  of  the  wall  and  door  comply  to  specifications  set  by  AISC.   In  the  construction  of 
this  structure,  the  main  support  beams  are  resin  bolted  into  a  concrete  frame  within  the 
perimeter  of  the  mine  opening,  and  the  lateral  braces  are  welded  between  them.   These  bolts 
should  be  anchored  a  minimum  depth  of  6  in.   The  concrete  beams  should  be  designed  to 
specifications  described  above.   Again,  the  recommended  door  support  are  Full  Mortise 
Heavyweight  Ball  Bearing  Hinges. 

Portal  Design:  Option  #3,  Steel  Arches 

The  Mine  Tunnel  No.  2  option  gate  #3,  shown  in  figure  16,  is  designed  to  provide  support  to 
the  mine  entrance  by  utilizing  a  steel  arch  support  system.    Because  of  the  heavily  jointed 
rock  above  the  mine  entrance,  it  is  suggested  that  concrete  be  pumped  into  the  joints  to  help 
provide  rock  stability.   Injecting  polyurethane  or  expanding  foam  in  an  attempt  to  seal  the 
joints  or  provide  support  is  not  recommended.   Water  may  penetrate  the  structure  and  the  seal 
material  may  prevent  the  water  from  draining  or  evaporating,  creating  ideal  conditions  for 
freeze-thaw  stresses,  which  may  cause  the  material  to  fail.   Concrete  will  provide  support  for 
the  material  between  the  steel  arches  and  rock  material  and  also  provide  a  surface  for  the 
space  cloth  to  be  adequately  anchored.   After  the  arches  and  concrete  have  been  constructed, 
space  cloth  is  then  attached  to  the  structure  and  rock  to  provide  enhanced  ventilation  and 
protection  from  unauthorized  entry.   The  door  is  constructed  to  allow  the  passage  of  existing 
animal  life.    As  shown  on  figure  15,  two  arches  would  be  used  to  provide  stability  to  the 
portal  area.   If  desired,  the  gate  could  be  attached  on  the  second  steel  arch,  but  the  height  of 
the  arch  may  make  accessibility  difficult. 

Decline  Shaft  No.  2 

Decline  shaft  #  2  is  an  opening  with  dimensions  of  about  7  ft  by  10  ft  with  a  depth  of  about 
30  ft  that  dips  down  at  an  angle  of  45  degrees.   The  main  danger  is  the  potential  for  a  person 
to  slip  and  fall  into  the  shaft  where  the  stability  of  the  shaft  is  not  a  problem.   Two  sides  of 
the  shaft  follow  along  the  bedding  with  the  lower  side  of  the  shaft  forming  a  flat  area  at  the 
opening.   The  sides  of  the  shaft  are  smooth  along  the  bedding  planes  and  when  wet  are  very 
slippery.   The  surface  of  the  opening  is  highly  irregular  with  ridges  being  formed  along  the 
sides  following  the  bedding.   The  upper  side  that  cuts  across  the  bedding  has  a  highly  uneven 
surface  with  the  lower  side  being  flatter  and  providing  access  to  the  shaft.   The  irregular 
surface  configuration  would  make  it  difficult  to  place  the  closure  structure  on  the  surface.   To 

24 


T^ 

i— 

« 

^  void 

ru  — 

■*r 

"S 

LJ 

ca  i- 

a 

«r  r 

z 

LJ  LJ 

□ 

I   O 

t-     i— 

DQ 

i 

D 

LJ   O 

o 

_l 

LJ 

z 

7 

M 

LJ 

LJ 
> 

U    < 

< 

T 

"£ 

a 

*5H 

ui 

Or.    _l 
Q. 

(-) 

CD  Ol 

vD  « 

Co 

o  L3 

ru 

**£ 

ss 

S 

z 

"15 

LJL3/V 

g  « 

GO  a 

"z 

9  iTi 

i-  r*x 

or  «  u 

ru  Co 

rvj 

_i 

OLJZ 
zaxt 

X  X 

■x 

X 

_l  _l* 

<->  a 

_J  JU 

z  — 

o  <t  a 

n  \o 

ru 

<  < 

> .  ooa: 

CT> 

C 

'.Q 

13 


D 

D 

cn 

c 

o 

-t— ' 

u 

CD 

_J 

cr 

< 

I— 

CN 

(Z 

=tt= 

O 

c 

Q_ 

o 

-4— ' 

Ql 

CN 

o 

c 

O 

cn 

Z 

CO 
CD 

Q 

LJ 
Z 

z 

Z) 

h- 


D 

^_ 

O 

Q_ 

CN 
O 


CD 

c 
c 

Z5 


CD 

C 


m 


CD 

D 
cn 


25 


zzz? 

z  <*  Z        -» 

TO   DESIG 
TO   DESIG 
TO   DESIG 
TO   DESIC 

4 

2 
UB.   11FT 

16FT 

4 
GHT 

2 
D   CEMENT 
TO   DESIG 
UBING   FO 
TO   DESIG 

rO   DESIGh 

1—  i.i      —       z 

(— 

YSTEM   S4-BEAM 
G   (SPACE   CLOTH) 
NCHOR   BOLTS 
LAGGING 
0'   X   5/8'   PLATE 
'   X   1/2'   PLATE 
'   X   3/16*   RECT. 
'   X   3/16*   CHANN 
ATE)   1/2'   HOLE 
ORTISE   HEAVYWE 
EARING   HINGE 
fRAINlNG   PORTLA 

< 

r 

X   3/16'   REC 
AME 
X   1/4' 
TUBING 

«   °*-  . 

ARCH   S 
GRATIN 
ROCK   A 
TIMBER 
10'   X   1 
6'   X   6 
3'   X   3 
2*   X   2 
1/4'   PL 
FULL   M 
BALL    B 
AIR-EN 

fy  u  n  lj 

»   o  .    o 

no  nn 

.  to 


O 

f» 

o 

0 

*> 

z 

a 
a 

u. 

O 

0 

O 

o 

CD-I 

U1U 

I— 
xn 

oU 
—  1— 

x"1 

.  a. 


OJ 

c 


<X> 


OJ 


26 


minimize  these  difficulties  the  enclosure  could  be  placed  partially  inside  the  shaft.   Three 
sides  of  the  enclosure  would  be  inside  the  shaft  which  are  along  the  bedding  planes  and  the 
high  side  crossing  the  bedding.   The  fourth  side  of  the  enclosing  structure  would  be  outside 
on  the  flat  section  of  rock  on  the  lower  side  of  the  shaft. 

The  closing  design  for  Decline  Shaft  #2  complies  with  a  request  by  the  NPS  for  an  enclosure 
to  be  manufactured  using  rectangular  tubing.   The  gate  has  a  hinge  construction  to  permit 
easy  access  by  Park  personnel  to  examine  and  periodically  perform  maintenance  functions 
inside  the  decline.   An  option  on  the  closure  is  the  welding  of  a  1/4-in-thick  plate  to  the  gate 
frame.   This  would  impact  the  visibility  of  the  decline  but  would  prevent  waste  materials 
from  being  thrown  into  the  shaft.    A  generic  Decline  No.  2  closure  design  that  would  have  to 
be  fitted  and  anchored  into  the  shaft,  complete  with  a  list  of  the  material  requirements,  is 
shown  in  figures  17  and  18.   The  exact  enclosure  dimensions  and  location  within  the  shaft 
would  have  to  be  determined  on  site. 

A  cliff  hangs  over  the  shaft  on  one  end.    It  may  be  appropriate  to  construct  a  fence  with  a 
sign  to  warn  visitors  of  the  inherent  dangers  associated  with  falling  from  the  cliff  to  the  mine 
closure.   This  in  itself  will  not  prevent  individuals  from  climbing  out  onto  the  decline  shaft 
closure.   The  integrity  of  the  closure  should  be  able  to  withstand  live  loads  associated  with 
visitors  climbing  onto  the  structure.   The  design  provided  can  withstand  large  live  loads. 

Security  Systems 

All  of  the  described  gates  can  be  locked  by  fabricating  two  pieces  of  1/4-in  plate  steel  with  a 
1/2-in  hole  cut  through  them.    One  plate  is  welded  to  the  door  frame  and  the  other  plate  is 
attached  to  the  selected  door.    When  the  door  is  closed,  the  two  plates  overlap  each  other, 
allowing  a  padlock  to  be  attached.   To  secure  the  Decline  Shaft  No.  2,  two  1/2-in-thick  steel 
plates  would  be  fabricated  with  a  3/4-in  slit  torch-cut  to  allow  a  1/2-in-diam  eye-bolt  to  freely 
pass  through.   The  steel  plate  is  then  welded  to  the  door,  and  an  eye-bolt  is  attached  to  the  S- 
beam.   A  heavy-duty  lock  can  then  be  inserted  into  the  eye  bolt  to  discourage  and  limit 
access  into  the  decline  shaft.   Diagrams  of  the  two  systems  are  shown  on  figure  19. 

DRAINAGE  SYSTEMS 

Both  Mine  Tunnels  No.  1  and  No.  2  had  standing  water  present  during  the  field  evaluation  in 
the  early  spring.    Additionally,  water  drainage  above  the  Mine  Tunnel  No.  2  continues  to 
erode  the  portal  area  and  should  be  diverted  to  enhance  stability. 

Mine  Tunnel  No.  1 

The  Mine  Tunnel  No.  1,  consisting  of  approximately  270  ft  of  horizontal  workings,  showed 
indications  of  water  throughout.   The  only  pool  of  water,  approximately  30  gallons,  occurred 
behind  some  fallen  material.    When  the  fallen  material  is  removed  and  the  floor  is  cleaned  up, 
this  problem  should  be  eradicated.   Although  water  may  be  present  from  surface  runoff,  it 
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should  evaporate  in  the  spring  months  with  the  warming  conditions  and  the  natural  flows  of 
ventilation. 

The  portal  area  above  the  Mine  Tunnel  No.  1  did  not  appear  to  have  erosion  occurring  with 
the  spring  runoff  and  subsequent  water  drainage.   However,  the  area  in  front  of  the  tunnel 
was  wet,  and  this,  coupled  with  the  nature  of  the  ground,  created  slippery  conditions.   This  is 
not  perceived  as  a  stability  problem,  but  any  grading  should  address  the  possibility  of  these 
conditions. 

Mine  Tunnel  No.  2 

The  Mine  Tunnel  No.  2  showed  the  indications  of  water  throughout  the  approximate  100  ft  of 
horizontal  workings.   Spring  runoff  is  entering  the  mine  through  the  distinct  set  of  fractured 
and  weathered  rock,  but  the  total  volume  appeared  low.   The  mine  contained  only  one  pool 
consisting  of  about  15  gallons  of  water.   The  water  was  restricted  from  flowing  by  fallen 
sidewall  and  roof  material.   The  removal  of  this  material  would  allow  the  water  to  dissipate 
and  not  cause  any  serious  problems. 

The  portal  area  above  the  Mine  Tunnel  No.  2  is  being  eroded  by  an  intermittent  stream  of 
runoff  water.   The  volumes  of  water  could  be  high  if  rapid  warming  trends  in  the  spring  or 
heavy  rains  occurred.   The  runoff  water  appears  to  be  channeled  into  the  portal  area  by  a 
manmade  trench  constructed  during  the  colonial  period.    Methods  must  be  found  to  redirect 
the  water  away  from  the  portal  area  or  to  prevent  further  portal  erosion  that  could  destabilize 
the  rock  around  the  portal.    Additionally,  the  tree  above  the  portal  system  may  have  to  be 
removed  to  prevent  the  pressure  caused  on  the  rock  mass  by  the  continued  growth  of  the  root 
system.   The  existing  root  system  should  not  be  disturbed.   The  roots  are  interwoven  into  the 
rock  mass,  and  any  attempt  to  dislodge  them  may  result  in  a  massive  failure  above  the  portal 
area. 

Walkways 

The  NPS  asked  that  we  examine  the  possibility  of  creating  a  wooden  walkway  in  the  mine 
that  would  keep  visitors  above  the  water  and  reduce  the  potential  for  slipping  accidents. 
While  a  walkway  could  be  constructed  of  pressure-treated  lumber,  there  are  no  guarantees  that 
the  walkway  will  not  experience  wet  or  moist  conditions  as  a  result  of  the  highly  humid 
environment.   Additionally,  the  introduction  of  a  flammable  material,  such  as  wood,  warrants 
concerns  of  the  possibility  of  a  fire.   As  improbable  as  this  may  seem,  precautions  such  as 
fire  extinguishers  should  be  considered  and  are  included  in  the  safety  guidelines  section. 

Calculations  performed  for  the  construction  of  a  walkway  for  the  Mine  Tunnel  No.  1 ,  based 
on  a  design  shown  in  figure  20,  indicate  that  approximately  2,500  pieces  of  2-in  by  6-in  by 
12-ft  pressure-treated  lumber  would  be  required.   The  structure  should  be  fastened  with  deck 
screws  to  minimize  wood  separation  due  to  shrinkage. 
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Figure  20.   Walkway  design  for  Mine  Tunnel  No.  1. 

The  water  in  both  mines  may  be  minimized  when  the  fallen  material  has  been  removed  from 
the  floor  area  and  portal  gates  have  been  installed.   The  prevention  of  pooled  water  and  the 
natural  ventilation  should  evaporate  any  mine  water.   The  portal  systems  have  been  designed 
to  allow  for  drainage  from  the  floor  and  increase  the  natural  ventilation  in  the  tunnels  to  assist 
with  the  evaporation  process.   If  required,  a  gravel  material  can  be  placed  in  the  low  areas  to 
prevent  slippage  and  still  allow  natural  drainage  and  evaporation  of  the  water.   The  aggregate 
or  gravel  could  also  be  used  to  make  a  walkway. 

PERIODIC  EXAMINATION  OF  TUNNELS  AND  PORTALS 

Once  rehabilitated,  the  tunnels  should  be  examined  before  and  after  the  season  by  a  qualified 
person.   If  the  fracture  zone  in  Mine  Tunnel  No.  1  and  the  portal  area  of  Mine  Tunnel  No.  2 
are  reinforced,  the  inspection  could  be  limited  to  one  time  per  year,  prior  to  the  tourist 
season.   This  examination  should  be  performed  by  either  a  qualified  State  or  Federal  mine 
inspector  or  an  engineer  who  is  qualified  or  experienced  in  ground  control  problems  and 
hazard  recognition  in  underground  mines  or  tunnels.   The  inspection  should  also  include  the 
portal  areas  and  the  overlying  rock  above  the  portals.   A  written  report  should  be  included  on 
the  condition  of  the  tunnels  and  portals.   This  inspection  should  note  any  hazardous 
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conditions  that  may  have  developed  with  time  and  specify  the  need  for  further  corrective 
reinforcement  measures,  as  well  as  identifying  loose  slabs  and  material  that  should  be  scaled. 
This  suggested  level  and  frequency  of  inspection  is  based  on  visitation  to  the  mine  tunnels  by 
the  public  and  should  be  increased  if  deteriorating  conditions  are  noted. 

The  tunnels  should  also  be  examined  prior  to  the  admittance  of  visitors.   Details  concerning 
these  inspections  are  provided  in  the  Maintenance  and  Guidelines  section  on  mine  tours. 

COST  ESTIMATES 

It  is  important  to  recognize  that  the  lowest  price  may  not  result  in  the  lowest  total  cost.   This 
is  especially  true  in  mining  situations  when  an  injury  or  fatality  can  result  in  major  expenses. 
The  initial  construction  costs  are  based  on  representative  wages  and  benefits  provided  by  the 
NPS  for  this  area  (Appendix  C).   Because  of  the  low  roof  height  and  narrow  tunnel  width,  the 
use  of  most  mechanized  equipment  to  remove  the  material  from  the  mine  would  be  precluded; 
therefore,  removal  by  manual  labor  was  considered.   There  are  several  proposed  options  for 
each  phase  of  the  work,  therefore,  no  overall  project  cost  has  been  given.   Three  forms  of 
transportation  are  considered  for  moving  the  material  from  the  lower  mine  portal  to  the  mill 
site.   These  include  continued  use  of  wheelbarrows,  all-terrain  vehicle  (ATV),  and  a 
helicopter.   For  the  ATV  (wheel  base  38  in)  the  trail  would  have  to  be  widened  to  about  4  ft 
and  at  least  two  ramps  constructed  to  allow  for  travel  around  the  stream  and  old  foundations. 

Tunnel  Stabilization  -  Mine  Tunnel  No.  1 


Scaling 


Scaling  Cost:    It  is  anticipated  that  scaling  will  be  required  regardless  of  any  other 
proposed  action.    Approximately  16  hours  by  two  men  are  estimated  for  this  task. 

Labor  $800 

Equipment  200 

Total  $1,000 


No  Reinforcement 


No  Reinforcement  Cost:    None  -  The  work  required  for  this  task  could  be  done  during 
the  annual  tunnel  inspection. 


Roof  Bolting 


Roof  Bolting  Cost:  Approximately  30  roof  bolts  would  be  required  in  Mine  Tunnel 
No.  1  if  this  option  is  selected.  It  is  estimated  that  this  task  can  be  performed  in  18 
hours  by  two  laborers  with  the  equipment  and  supplies  as  shown. 
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Labor  $1,200 

Equipment: 

Stoper  300 

Air  Compressor  750 

Materials  (bolts,  plates,  resin)  300 

Total  $2,550 


Steel  Sets 

Steel  Set  Cost:   The  fabrication  of  steel  sets  should  be  accomplished  by  trained  iron 
workers.   It  is  estimated  that  the  fabrication  and  placement  of  the  steel  sets,  which 
have  to  be  specifically  built  to  fit  the  opening,  would  take  two  men  40  hours  to 
construct  five  steel  sets. 

Labor  cost  $2,500 

Equipment  cost  500 

Material  cost  2,500 

Total  $5,500 

Removal  of  Material  —  Mine  Tunnel  No.  1 

Material  removal  from  the  lower  mine  will  be  difficult  and  time  consuming  because  of  access 
and  site  limitations.    Most  of  the  material  will  have  to  be  broken  and  loaded  by  hand.    An 
estimate  of  55  hours  for  two  men  at  a  laborers  wage  can  be  anticipated  to  perform  the  task. 

Labor  cost 

(breaking  and  loading)  $3,000 
Equipment: 

Compressor  1,800 

Jackhammer  700 

Total  $5,500 

Haulage  of  material  from  Mine  Tunnel  No.  1  to  the  mill  site  after  it  has  been  broken  and 
loaded  is  a  separate  cost.   Three  alternatives  have  been  estimated:   manual  removal 
(wheelbarrow),  ATV,  and  helicopter.   The  helicopter  would  have  the  least  amount  of  impact 
on  the  site. 

Wheelbarrow 

An  estimate  of  50  hours  by  four  laborers. 

Labor  cost  $5,000 

Equipment  500 

Total  $5,500 
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All  Terrain  Vehicle  (ATV) 

This  includes  ramp  construction  at  two  locations  requiring  8  hours  and  four  laborers.   Trail 
widening  is  also  anticipated  at  four  locations  requiring  8  hours  and  four  laborers. 

Labor  cost  $3,600 
Equipment  cost: 

ATV  (rental  $100/day)  600 

Materials  800 

Trail  widening  1,600 

Total  $6,600 

Helicopter 

The  mobilization  cost  of  a  helicopter  is  $3,000  and  the  daily  rate  is  $1,500.   It  is  estimated 
that  it  will  take  about  28  trips  to  remove  the  material  at  $200/load.   The  bucket  capacity  of  a 
helicopter  is  1  yd3.   The  swell  or  bulking  factor  of  the  material  is  50  percent.   The  weight  of 
1  yd3  of  loose  material  is  about  2,700  lb.    A  total  of  28  trips,  which  includes  two  trips  to  pick 
up  and  drop  off  the  bucket  has  been  estimated. 

Mobilization  $3,000 

Trip  Charge  5,600 

Day  charge  1,500 

Personnel  would  be  required  to  load  the  buckets  underneath  the  helicopter.    Based  on  loading 
2,400  lb/hr  and  an  efficiency  rate  of  60  percent,  the  cost  of  this  labor  for  50  hours  for  two 
men  would  be 

Labor  (load  material)  2,500 

Total  $12,600 

In-Mine  Stowing  -  Mine  Tunnel  No.  1 

An  alternative  to  removing  the  material  from  the  lower  mine  is  to  stow  it  in  the  three  dead- 
end drifts.   The  material  could  be  stacked  in  these  drifts  to  a  height  of  approximately  2  ft, 
allowing  access  and  observation  of  the  roof  and  most  of  the  sidewalls.   Approximately  170  ft3 
of  material  could  be  stored  in  the  first  drift,  1 10  ft3  in  the  second,  and  400  ft3  covering  a 
length  of  40  ft  of  drift  at  the  back  of  the  mine.   This  option  would  have  the  least  visual 
impact  on  the  site,  but  would  prevent  a  complete  examination  of  the  underground  workings. 

The  work  could  be  performed  in  50  hours  by  two  laborers.   The  approximate  distance  of  the 
material  would  be  70  to  170  ft,  resulting  in  a  5-minute  travel  time.   Based  on  200  lb  per  trip, 
350  total  trips  would  be  required.   Based  on  an  efficiency  of  60  percent,  the  total  time  would 
be  about  50  hours  for  two  laborers. 
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Labor  cost 
Compressor 
Jackhammer 
Total 

$2,500 
1,800 
700 
$5,000 

Tunnel  Stabilization 

—  Mine  No. 

2 

Scaling 

Scaling  Costs: 

This  task  should  take  an  est 

Labor 

Equipment 

Total 

$100 

50 

$150 

No  Reinforcement 

Reinforcement  Costs:    None  —  The  required  work  for  this  task  could  be  done  during 
the  annual  tunnel  inspection. 

Roof  Bolting 

Roof  Bolting  Costs:   Only  four  to  six  roof  bolts  will  be  installed  in  the  portal  area.    It 
is  estimated  that  this  task  can  be  performed  in  6  hours  by  two  laborers. 

Labor  $350 
Equipment: 

Stoper  100 

Air  compressor  50 

Materials  (bolts,  plates,  resin)  50 

Total  $750 

Removal  of  Material  --  Mine  Tunnel  No.  2 

This  task  should  take  an  estimated  8  hours  by  two  laborers.   Because  there  is  road  access  to 
within  100  ft  of  the  tunnel,  haulage  of  material  to  the  mill  site  should  not  present  a  problem. 

Labor  $400 

Equipment  100 

Total  $500 
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Removal  of  Material  -  Mill  Site 

Any  material  brought  to  the  mill  site  would  have  to  be  reloaded  with  a  front-end  loader  into 
trucks  for  removal.    A  basic  assumption  here  is  that  the  material  can  be  relocated  somewhere 
within  the  confines  of  the  Park  and  no  additional  fees  will  be  encountered. 

Equipment  cost: 

Truck  $400 

Front  End  Loader  400 

Labor  cost  300 

Total  $1,100 

Portal  System  -  Mine  Tunnel  No.  1 

These  costs  are  based  on  constructing  the  portal  systems  as  described  in  the  text.   The 
estimates  for  labor  and  materials  are  presented  with  each  option. 

Option  1 

Labor  (16  hrs  /  2  ironworkers)  $1,500 

(16  hrs  /  2  laborers,  concrete)  1,250 

Equipment  1 ,000 

Materials  2,500 

Total  $6,250 

Option  2 

Labor  (16  hrs  /  2  ironworkers)  $1,500 

Equipment  500 

Materials  1,000 

Total  $3,000 

Portal  System  -  Mine  Tunnel  No.  2 

These  costs  are  based  on  constructing  the  portal  systems  as  described  in  the  text.   The 
estimates  for  labor  and  materials  are  presented  with  each  option. 

Option  1 

Labor  (32  hrs  /  2  ironworkers)  $2,800 

Labor  (16  hrs  /  2  laborers,  concrete)  1,250 

Equipment  1,000 

Materials  2,500 

Total  $7,550 
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Option  2 

Labor  (16  hrs  /  2  ironworkers)  $1,500 

Equipment  500 

Materials  1,000 

Total  $3,000 

Option  3 

Labor  (50  hrs  /  2  ironworkers)  $  4,000 

(50  hrs  /  1  laborer)  2,500 

Equipment  1,000 

Materials  4,000 

Total  $11,500 

Decline  Shaft  No.  2 

Decline  Shaft  No.  2  costs  are  based  on  constructing  the  system  in  the  text.   The  labor  and 
material  have  been  estimated  to  fabricate  and  place  the  structure  over  the  decline  shaft.   The 

estimate  does  not  include  any  additional  funding  for  fencing  materials  or  labor. 


Labor  (40  hrs  /  2  ironworkers) 

$  3,500 

(20  hrs  /  2  laborers) 

1,000 

Transportation 

1,000 

Equipment 

1,000 

Material 

4,500 

Total 

$11,00C 

Drainage  Mine  Tunnel  No.  2  Portal  Area 

This  estimate  includes  the  time  of  four  laborers  for  16  hours  each.   Some  materials  may  be 
required  to  complete  the  task,  such  as  gravel.   Transportation  of  this  material  is  also  included. 

Labor  $2,000 

Equipment  500 

Materials  500 

Total  $2,500 

Tunnel  Inspection 

The  cost  of  a  qualified  engineer  to  examine  the  tunnels  and  portals  is  based  on  one  annual 
inspection  and  includes  a  report  describing  the  results  and  recommendations.   It  is  estimated 
the  inspection  would  require  1  day  for  the  inspection  and  1  day  for  report  preparation. 

Total  Cost  of  Engineering  Inspection  $2,000 
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MAINTENANCE  AND  SAFETY  GUIDELINES 

This  project  requires  two  distinct  sets  of  safety  guidelines — one  for  the  construction  or 
rehabilitation  phase  and  the  other  for  the  tour  phase.   Each  phase  will  create  specific 
challenges  to  provide  for  the  safety  and  health  of  individuals  working  and  touring  the  surface 
and  underground  workings.   The  results  of  inquiries  to  Federal  and  State  agencies  and  basic 
safety  recommendations  for  any  underground  operation  are  presented.    Based  on  observations 
and  conversations  with  Park  officials,  it  would  be  recommended  that  the  works  be  inspected 
before  and  after  the  season  to  make  any  required  corrective  action.   Qualified  NPS  personnel 
should  perform  a  visual  inspection  of  the  mine  prior  to  the  admittance  of  visitors  or  at  least 
once  a  week,  whichever  applies. 

Background 

The  Pahaquarry  Copper  Mines  are  located  in  the  Pahaquarry  Township  in  the  State  of  New 
Jersey.   As  a  part  of  our  investigation,  the  USBM  surveyed  various  agencies  to  determine  if 
they  had  specific  regulations  that  would  apply  to  the  use  of  the  mines.   An  attempt  was  made 
to  talk  with  officials  at  every  level.   The  names  and  numbers  of  the  officials  providing  the 
information  are  provided  in  the  Appendix  B  of  this  report. 

State  Requirements 

The  New  Jersey  State  Division  of  Mine  Safety  does  not  have  jurisdiction  over  Federal  lands 
and  regulates  only  operating  mines.   If  the  mine  were  to  be  opened  as  an  exhibit  for  tourism, 
it  would  not  be  under  their  supervision.   There  is  a  State  law  that  requires  signage  stating  the 
dangers  of  abandoned  mines  and  laws  requiring  fencing  for  safety.    A  standard  for  the 
signage  does  not  exist.    Some  examples  from  the  Colorado  Division  of  Mines  are  provided 
with  this  report. 

The  Department  of  Environmental  Protection  and  Energy  does  not  have  regulations  covering 
nonworking  mines.   The  Division  of  Parks  and  Forestry  oversees  the  State  Park  Service. 
Pahaquarry  is  on  Federal  lands,  which  are  not  within  the  scope  of  the  State  requirements. 

County  Requirements 

There  are  no  mining  regulations  in  Warren  County;  State  and  Federal  regulations  apply. 

Township  Requirements 

The  township  of  Pahaquarry  has  no  mining  regulations. 

American  Disabilities  Act  (ADA)  Requirements 

ADA  guidelines  may  have  to  be  followed  when  opening  this  to  the  public.   More  research 
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into  this  law  would  be  necessary  for  an  informed  recommendation  and  is  beyond  the  scope  of 
this  report. 

Federal  Requirements 

The  following  regulations  have  been  extracted  and  modified  from  the  "Code  of  Federal 
Regulations"  CFR  Title  30-Mineral  Resources  (6).   These  are  the  codes  that  normally  apply  to 
working  mines.   Part  57  regulations  are  metal  and  nonmetal  mines  other  than  coal.   This  set 
of  regulations  does  not  explicitly  include  inactive,  nonworking  or  abandoned  mines. 

Construction  Phase 

It  is  suggested  that  the  nearest  MSHA  Metal  and  Nonmetal  Mine  Safety  and  Health 
Subdistrict  Office  and  the  New  Jersey  Division  of  Mines  be  notified  before  starting  operations 
of  the  approximate  or  actual  date  mine  operation  will  commence.   The  notification  shall 
include  the  mine  name,  location,  the  company  name,  mailing  address,  person  in  charge,  and 
whether  operations  will  be  continuous  or  intermittent. 

Personal  Protection 

All  persons  should  wear  suitable  hard  hats  when  in  or  around  a  mine  where  falling  objects 
may  create  a  hazard. 

All  persons  should  wear  suitable  protective  footwear  when  in  or  around  an  area  of  a  mine 
where  a  hazard  exists  that  could  cause  an  injury  to  the  feet. 

All  persons  should  wear  safety  glasses,  goggles,  or  face  shields  or  other  suitable  protective 
devices  when  in  or  around  an  area  of  a  mine  where  a  hazard  exists  that  could  cause  injury  to 
unprotected  eyes. 

First-Aid  Training 

Selected  supervisors  should  be  trained  in  first  aid.   First-aid  training  should  be  made  available 
to  all  interested  employees.   Adequate  first-aid  materials,  including  stretchers  and  blankets 
should  be  provided  at  places  convenient  to  all  working  areas.   Water  or  neutralizing  agents 
should  be  available  where  corrosive  chemicals  or  other  harmful  substances  are  stored, 
handled,  or  used. 

Arrangements  should  be  made  in  advance  for  obtaining  emergency  medical  assistance  and 
transportation  for  injured  persons. 
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Provisions  and  Maintenance  of  Self-Rescue  Devices 

A  1-hour  self-rescue  device  approved  by  the  MSHA  should  be  made  available  by  the 
contractor  to  all  personnel  underground.   Each  contractor  should  maintain  self-rescue  devices 
in  good  condition,  as  prescribed  by  MSHA. 

Emergency  Communications  System 

A  suitable  communication  system  should  be  provided  at  the  mine  to  obtain  assistance  in  the 
event  of  an  emergency.   Telephones  or  walkie-talkies  are  suggested. 

Machinery  and  Equipment 

Power  drills,  disc  sanders,  grinders,  and  circular  and  chain  saws,  when  used  in  the  hand-held 
mode  should  be  operated  with  controls  that  require  constant  hand  or  finger  pressure.    Circular 
saws  and  chain  saws  should  not  be  equipped  with  devices  that  lock-on  the  operating  controls. 

Miscellaneous 

Intoxicating  beverages  and  narcotics 

Intoxicating  beverages  and  narcotics  should  not  be  permitted  or  used  in  or  around  mines. 
Persons  under  the  influence  of  alcohol  or  narcotics  should  not  be  permitted  on  the  site. 

Housekeeping 

During  the  construction  phase,  work  places,  passageways,  storerooms,  and  service  areas 
should  be  kept  clean  and  orderly.   The  floor  of  every  workplace  should  be  maintained  in  a 
clean  and,  so  far  as  possible,  dry  condition.   Where  wet  processes  are  used,  drainage  should 
be  maintained,  and  false  floors,  platforms,  mats,  or  other  dry  standing  places  should  be 
provided  where  practicable,  and  every  floor,  working  place,  and  passageway  should  be  kept 
free  from  protruding  nails,  splinters,  holes,  or  loose  boards,  as  practical. 

Barricades  and  warning  signs  and  mine  openings 

Areas  where  health  or  safety  hazards  exist  that  are  not  immediately  obvious  to  employees 
should  be  barricaded,  or  warning  signs  should  be  posted  at  all  approaches.   Warning  signs 
should  be  readily  visible,  legible,  and  display  the  nature  of  the  hazard  and  any  protective 
action  required. 

Access  to  unattended  mine  openings  should  be  restricted  by  gates  or  doors,  or  the  openings 
should  be  fenced  and  posted.  This  is  a  part  of  the  construction  phase,  but  access  should  be 
limited  to  construction  personnel  only  until  it  has  been  determined  that  it  is  safe  for  tourists. 
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Safety  Programs 

It  is  recommended  that  a  competent  person  should  examine  each  working  place  at  least  once 
each  shift  for  conditions  that  may  adversely  affect  safety  or  health.   Appropriate  actions  to 
correct  such  conditions  should  be  promptly  initiated.   The  contractors  will  probably  have  their 
own  safety  program  in  place.   However,  the  NPS  should  review  this  plan  and  make  sure  that 
it  is  adequate. 

A  record  that  such  examinations  were  conducted  should  be  kept  for  a  period  of  1  year. 
In  addition,  conditions  that  may  present  an  imminent  danger  that  are  noted  by  the  person 
conducting  the  examination  should  be  brought  to  the  immediate  attention  of  the  operator  who 
should  withdraw  all  persons  from  the  area  affected  (except  persons  referred  to  in  section 
104(c)  of  the  Federal  Mine  Safety  and  Health  Act  of  1977)  until  the  danger  is  abated. 

Designation  of  person  in  charge 

When  persons  are  working  at  the  mine,  a  competent  person  designated  by  the  NPS  should  be 
in  attendance  to  take  charge  in  case  of  an  emergency. 

Ground  control 

It  is  recommended  that  daily  inspections  be  conducted  of  the  underground  workings, 
especially  if  work  has  been  or  is  going  to  be  conducted.   The  person  should  be  qualified  to 
perform  underground  inspections.   The  area  should  be  scaled. 

All  remedial  work  performed  in  the  underground  mines  should  be  after  the  installation  of 
temporary  support.   This  includes  any  roof  support,  steel  set  installation,  or  portal 
rehabilitation. 

Correction  of  hazardous  conditions 

Ground  conditions  that  create  a  hazard  to  persons  should  be  taken  down  or  supported  by 
qualified  persons  before  other  work  or  travel  is  permitted  in  the  affected  area.   Until 
corrective  work  is  completed,  the  area  should  be  posted  with  a  warning  against  entry  and, 
when  left  unattended,  a  barrier  should  be  installed  to  impede  unauthorized  entry. 

Scaling  should  be  performed  from  a  location  that  will  not  expose  persons  to  injury  from 
falling  material,  or  other  protection  from  falling  material  should  be  provided.    Scaling  should 
be  done  only  by  qualified  persons.   Where  manual  scaling  is  performed,  a  scaling  bar  should 
be  provided.   This  bar  should  be  of  a  length  and  design  that  will  allow  the  removal  of  loose 
material  without  exposing  the  person  performing  the  work  to  injury. 


42 


Working  alone 

No  employees  should  be  assigned,  or  allowed,  or  be  required  to  perform  work  alone  in  any 
area  where  hazardous  conditions  exist  that  would  endanger  their  safety  unless  they  can 
communicate  with  others,  their  cries  for  help  can  be  heard,  or  they  can  be  seen. 

Firefighting  Procedures 

Multipurpose  dry-chemical  fire  extinguisher 

An  extinguisher  having  a  rating  of  at  least  2-A:10-B:C  and  containing  a  nominal  4.5  pounds 
or  more  of  dry-chemical  agent. 

Fires  should  not  be  lit  underground. 

For  fighting  fires  that  could  endanger  persons,  the  recommendation  is  onsite  fire  fighting 
equipment  (fire  extinguishers)  for  fighting  fires  in  their  early  stages.  This  fire  fighting 
equipment  should  be  of  the  type,  size,  and  quantity  that  can  extinguish  fires  of  any  class  that 
would  occur  as  a  result  of  the  hazards  present,  and  it  should  be  strategically  located,  readily 
accessible,  plainly  marked,  and  maintained  in  fire-ready  condition. 

Fire  fighting  equipment  should  be  inspected  according  to  the  following  schedules: 

(1)  Fire  extinguishers  should  be  inspected  visually  at  least  once  a  month  to  determine  that 
they  are  fully  charged  and  operable. 

(2)  At  least  once  every  12  months,  maintenance  checks  should  be  made  of  mechanical 
parts,  the  amount  and  condition  of  extinguishing  agent  and  expellant,  and  the  condition 
of  the  hose,  nozzle,  and  vessel  to  determine  that  the  fire  extinguishers  will  operate 
effectively. 

Fire  extinguishers  should  be  recharged  or  replaced  with  a  fully  charged  extinguisher  promptly 
after  any  discharge. 

Flammable  liquids  should  not  be  used  for  cleaning.    Solvents  should  not  be  used  near  an  open 
flame  or  other  ignition  source,  near  any  source  of  heat,  or  in  an  atmosphere  that  can  elevate 
the  temperature  of  the  solvent  above  the  flash  point. 

Heat  sources  capable  of  producing  combustion  should  be  separated  from  combustible 
materials  if  a  fire  hazard  could  be  created. 
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Escape  routes 

Escape  routes  should  be  inspected  at  regular  intervals  and  maintained  in  safe,  travelable 
condition  and  should  be  marked  with  conspicuous  and  easily  read  direction  signs  that  clearly 
indicate  the  ways  of  escape.   These  may  only  be  required  in  Mine  Tunnel  No.  1. 

Check-In,  Check-Out  System 

During  the  construction  phase  the  underground  mine  should  establish  a  check-in  and  check- 
out system  to  provide  an  accurate  record  of  persons  in  the  mine.   These  records  should  be 
kept  on  the  surface  in  a  place  chosen  to  minimize  the  danger  of  destruction  by  fire  or  other 
hazards.   Every  person  underground  should  carry  a  positive  means  of  identification. 

Ventilation 

Ventilation  may  be  required  during  the  construction  phase  to  provide  fresh  air  and  remove 
any  contaminated  air.   A  plan  of  the  mine  ventilation  system  should  be  set  out  by  the 
contractor  in  written  form.   Revisions  of  the  system  should  be  noted  and  updated  if  changed. 

Tours  Phase 

Public  Safety  Guidelines 

Personal  Protection 

All  persons  should  wear  suitable  hard  hats  when  in  or  around  a  mine  or  plant  where  falling 
objects  may  create  a  hazard. 

All  persons  should  wear  suitable  protective  footwear  when  in  or  around  an  area  of  a  mine  or 
plant  where  a  hazard  exists  that  could  cause  an  injury  to  the  feet.   Bare  feet  are  unacceptable. 

All  persons  should  wear  safety  glasses,  goggles,  or  other  suitable  protective  devices  where  a 
hazard  exists  that  could  cause  injury  to  unprotected  eyes.   Prescription  glasses  and  sun  glasses 
are  not  sufficient. 

Selected  employees  should  be  trained  in  first  aid.   First  aid  training  should  be  made  available 
to  all  interested  employees.   Adequate  first  aid  materials,  including  stretchers  and  blankets, 
should  be  provided  at  places  convenient  to  all  working  areas. 

Emergency  Communications  System 

A  suitable  communication  system  should  be  provided  at  the  mine  to  obtain  assistance  in  the 
event  of  an  emergency. 
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Illumination 

Hand-held  illumination  (flashlights)  are  not  recommended  because  if  a  fall  occurs,  the  person 
would  be  unable  to  break  the  fall,  and  the  flashlight  may  cause  injury.    Additionally,  the 
flashlight  could  be  damaged,  leaving  the  person  in  the  dark.   A  battery-powered  cap  lamp 
attached  to  the  hard-hat  is  recommended. 

Exterior  lighting  sufficient  to  provide  safe  conditions  for  all  surface  structures,  paths, 
walkways,  stairways,  and  working  areas  is  necessary. 

Check-In,  Check-Out  System 

It  is  recommended  a  check-in  and  check-out  system  be  established  to  provide  an  accurate 
record  of  persons  in  the  mine.   These  records  should  be  kept  on  the  surface  in  a  place  chosen 
to  minimize  the  danger  of  destruction  by  fire  or  other  hazards.   Every  person  underground 
should  carry  a  positive  means  of  identification. 

Travelways  and  Escapeways 

Where  restricted  clearance  creates  a  hazard  to  persons,  the  restricted  clearance  should  be 
conspicuously  marked.   Openings  above,  below,  or  near  travelways  through  which  persons 
may  fall  should  be  protected  by  railings,  barriers,  or  covers.   Where  it  is  impractical  to  install 
such  protective  devices,  adequate  warning  signals  should  be  installed. 

Regularly  used  walkways  and  travelways  should  be  sanded,  salted,  or  cleared  of  snow  and  ice 
as  soon  as  practicable. 

Miscellaneous 

Intoxicating  beverages  and  narcotics 

Intoxicating  beverages  and  narcotics  should  not  be  permitted  or  used  in  or  around  mines. 
Persons  under  the  influence  of  alcohol  or  narcotics  should  not  be  permitted  on  the  site. 

Housekeeping 

Passageways  and  service  areas  should  be  kept  clean  and  orderly.   The  floor  of  the  mines 
should  be  maintained  in  a  clean  and,  so  far  as  possible,  dry  condition.   Where  wet  processes 
are  used,  drainage  should  be  maintained,  and  false  floors,  platforms,  mats,  or  other  dry 
standing  places  should  be  provided  where  practicable.   Every  floor  and  passageway  should  be 
kept  free  from  protruding  nails,  splinters,  holes,  or  loose  boards,  as  practicable. 

Barricades,  warning  signs  and  mine  openings 


45 


Areas  where  health  or  safety  hazards  exist  that  are  not  immediately  obvious  to  employees  and 
visitors  should  be  barricaded,  or  warning  signs  should  be  posted  at  all  approaches.   Warning 
signs  should  be  readily  visible,  legible,  and  display  the  nature  of  the  hazard  and  any 
protective  action  required. 

Access  to  unattended  mine  openings  should  be  restricted  by  gates  or  doors,  or  the  openings 
should  be  fenced  and  posted. 

Maintenance  Safety  Guidelines 

Designation  of  Person  in  Charge 

When  persons  are  working  at  the  mine,  a  competent  person  designated  by  the  mine  operator 
should  be  in  attendance  to  take  charge  in  case  of  a  emergency. 

Safety  Programs 

It  is  recommended  that  a  competent  person  should  examine  the  underground  workings  at  least 
once  each  day  when  tours  are  scheduled  for  conditions  that  may  adversely  affect  safety  or 
health.   The  person  who  is  inspecting  the  mines  should  be  experienced  in  examining  and 
testing  the  roof  and  sidewalls  for  loose  material  and  be  experienced  in  the  recognition  of 
hazards  that  can  develop  in  underground  mines.   A  minimum  requirement  might  be  the 
MSHA  40-hour  new  miner  training  or  the  Roof  Control  Specialist  training  offered  by  MSHA. 
Appropriate  actions  to  correct  such  conditions  should  be  promptly  initiated.   A  record  that 
such  examinations  were  conducted  should  be  kept  by  the  NPS  for  a  period  of  1  year.   In 
addition,  conditions  that  may  present  an  imminent  danger  that  are  noted  by  the  person 
conducting  the  examination  should  be  brought  to  the  immediate  attention  of  the  NPS  who 
should  withdraw  all  persons  from  the  area  affected  until  the  danger  is  abated. 

Correction  of  hazardous  conditions 

Ground  conditions  that  create  a  hazard  to  persons  should  be  taken  down  or  supported  by 
qualified  persons  before  travel  is  permitted  in  the  affected  area.   Until  corrective  work  is 
completed,  the  area  should  be  posted  with  a  warning  against  entry  and,  when  left  unattended, 
a  barrier  should  be  installed  to  impede  unauthorized  entry. 

Scaling  should  be  performed  from  a  location  that  will  not  expose  persons  to  injury  from 
falling  material,  or  other  protection  from  falling  material  should  be  provided.   Scaling  should 
only  be  done  by  qualified  persons.   Where  manual  scaling  is  performed,  a  scaling  bar  should 
be  provided.   This  bar  should  be  of  a  length  and  design  that  will  allow  the  removal  of  loose 
material  without  exposing  the  person  performing  the  work  to  injury. 
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Working  alone 

No  employees  should  be  assigned,  or  allowed,  or  be  required  to  perform  work  alone  in  any 
area  where  hazardous  conditions  exist  that  would  endanger  their  safety  unless  they  can 
communicate  with  others,  their  cries  for  help  can  be  heard,  or  they  can  be  seen. 

Additional  Guidelines 

Here  is  additional  information  on  other  mines  that  are  open  for  tours  and  the  general  public. 

The  Sterling  Hill  Mine  -  Sparta,  Sussex  Co.,  New  Jersey 

Originally  this  was  a  zinc  mine  that  closed  in  1986  and  is  currently  classified  as  inactive.  The 
public  portions  of  the  mine  are  at  adit  level.   The  adits  are  900  ft  to  1,000  ft  back;  there  are 
an  additional  36  miles  of  workings  down  to  2,550  ft  that  are  flooded.   The  mine  has  annual 
inspections  by  the  State  mine  inspectors.   Local  laws  concerning  fire  and  safety  were  used  for 
opening  this  facility  to  the  public.   Additional  lighting,  backup  lighting,  and  a  second  entrance 
were  required  to  open  to  the  public.  The  State  mine  department  was  involved  when  they  put 
in  the  second  entrance  and  because  some  previous  workings  were  subsiding. 

Argo  Mine  and  Mill  -  Idaho  Springs,  Colorado 

The  Argo  Mine  and  Mill  were  originally  used  to  mine  and  then  mill  gold  during  the  rush  of 
1859.   This  facility  is  on  the  Historic  Register,  which  means  it  has  State  or  local  significance. 
There  are  guided  tours  through  both  the  mine  and  the  mill.   Hard  hats  are  offered  but  not  all 
visitors  choose  to  wear  them.   A  mine  safety  inspector  from  the  State  comes  once  a  year  to 
inspect  for  loose  rock  and  the  condition  of  the  entrance  at  the  exterior  edge.   The  safety 
requirements  are  to  have  hard  hats  and  fire  extinguishers.   MSHA  requirements  have  not  been 
applied  to  this  mine.    In  general,  building  codes  more  than  mining  regulations  were  necessary 
to  open  the  mine  and  mill  to  the  public.   To  meet  the  American  Disabilities  Act  (ADA)  the 
floor  of  the  mine  was  graded,  but  the  mill  is  not  very  accessible. 

CONCLUSIONS 

The  Pahaquarry  Mines,  located  in  the  Delaware  Water  Gap  National  Recreation  Area  in  New 
Jersey,  are  inactive  copper  mines  that  the  NPS  desires  to  open  to  the  public  for  interpretive 
tours.   The  results  of  this  investigation  indicate  that  this  should  be  possible  with  a  limited 
amount  of  risk  to  Parks  personnel  and  visitors  if  proper  precautions  are  taken  to  stabilize  the 
underground  openings.   The  stabilization  may  impact  the  appearance  of  the  mines  and  require 
routine  maintenance  and  periodic  inspections.   In  summary,  the  USBM  findings  are 

•  The  water  quality  analysis  of  samples  collected  from  ponds  within  each  respective  mine 
indicates  that  the  water  is  similar  in  composition  to  naturally  occurring  unpolluted  waters. 
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There  are  no  significant  metal  concentrations  or  reduction  in  pH  in  the  mine  waters 
resulting  from  contact  with  mineralized  zones. 

•  The  air  quality,  sampled  with  a  hand-held  meter,  indicated  that  oxygen  was  similar  to 
outside  air,  no  methane  or  carbon  monoxide  gases  were  detected.   Radon  test  sampling 
indicated  levels  that  warrant  continued  investigation,  particularly  in  Mine  Tunnel  No.  1. 
These  results  have  already  been  conveyed  to  the  NPS. 

•  Mine  stabilization  options  are  presented  for  Mine  Tunnel  No.  1  and  No.  2  that  clearly 
show  that  there  is  a  delicate  balance  between  the  visual  impact  of  the  selected  support 
method  and  the  degree  of  safety.    A  more  aggressive  remedial  treatment  will  result  in  a 
higher  degree  of  safety.   No  matter  which  method  is  selected,  the  NPS  should  continue  to 
monitor  and  maintain  the  mines  to  minimize  the  risk. 

•  Several  portal  closure  options  are  presented  that  can  be  effectively  used  on  Mine  Tunnel 
No.  1  or  No.  2.   Ventilation  may  be  an  important  option  when  selecting  the  portal  closure 
system.   Ventilation  will  help  keep  the  mines  dry,  dilute  potential  radon  gases,  and 
provide  fresh  air  for  visitors. 

•  The  water  eroding  the  portal  area  above  Mine  Tunnel  No.  2  should  be  eliminated  by  the 
construction  of  drainage  ditches.   This  will  minimize  the  erosion  presently  taking  place  at 
the  portal  area.   Additionally,  the  fallen  material  presently  on  the  mine  floors  may  be 
restricting  the  flow  and  evaporation  of  water.   This  material  also  creates  tripping  hazards. 

A  list  of  maintenance  and  safety  guidelines  have  been  formulated  for  the  NPS.   The 
guidelines  have  been  created  by  inquiring  about  Federal,  State,  and  local  regulations,  as  well 
as  practical  safety  issues  when  dealing  with  underground  and  surface  mines. 
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APPENDIX  A 

BUREAU  OF  MINES  REVIEW  TEAM 

The  U.  S.  Bureau  of  Mines  assembled  a  team  of  experienced  personnel  and  charged  them  to 
undertake  the  review.   The  team  members  are  listed  in  Table  A-l.   Members  were  from  the 
U.  S.  Bureau  of  Mines,  Denver  Research  Center,  Geotechnology  and  Environmental  Sciences 
Division. 

Table  A-l 
Pahaquarry  Copper  Mines  Review  Team 

Frederick  Allgaier,  Research  Supervisor 
Dennis  Dolinar,  Mining  Engineer 
Stephen  Tadolini,  Mining  Engineer 
Valois  Shea-Albin,  Material  Engineer 
Terry  Henderson,  Geological  Engineer 
Jamie  Gallagher,  Geophysical  Engineer 
Paul  DiGrado,  Engineering  Technician 
Robert  Holub,  Physicist 
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APPENDIX  B 

CONTACTS  LIST 

Below  is  a  specific  list  of  the  personnel  at  Federal,  State,  and  local  agencies  contacted  for 
specific  information  pertaining  to  this  investigation. 

Table  A-2 

State  of  New  Jersey 

Department  of  Labor,  Division  of  Mine  Safety: 

Jim  Corey,  Inspector  (609)  292-2096; 
Mario  Gomes,  Supervisor  (609)  292-2096 

Division  of  Park  and  Forestry: 

Michelle  Fort,  Secretary  (609)  292-2797 

Warren  County: 

Marie  Chisamore,  Office  Supervisor  (908)  475-8000; 
Stanley  Wessner,  Principal  Planning  Aide  (908)  475-8000. 

Pahaquarry  Township: 

Judy  Hanke,  Clerk  (908)  362-8315 
Ted  Rodman,  Engineer  (908)  362-6079 

Sterling  Hill  Mine,  Sussex  County,  NJ: 

Elna  Hauck,  Volunteer  (201)  209-7212 

Robert  Hauck,  Board  of  Directors,  Treasurer,  Tour  Guide  (201)  209-7212 

Argo  Gold  Mine  and  Mill,  Idaho  Springs,  CO: 

Daryl  Chauncy,  Program  Director  (303)  567-2421 
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APPENDIX  C 

COST  INFORMATION 

The  Davis  Bacon  Rates  used  for  estimating  the  cost  associated  with  this  project  are 
categorized  below.   In  the  event  that  a  prevailing  wage  rate  for  any  job  is  higher,  than  that 
higher  rate  must  be  used. 


Base  Rate 

Fringe  Benefits 

Carpenter 

$25.22 

34% 

Millwright 

$25.47 

34% 

Helicopter  Pilot 

$30.75 

$11.90+A+B 

Welding  Operator 

$24.03 

$11.90+A+B 

Backhoe/Front  End  Loader 

$27.75 

$11.90+A+B 

Ironworkers 

$20.00 

$10.25 

Laborer:  Building  Construction 

$17.00 

$8.00 

Laborer:  Heavy  Construction 

$18.90 

$7.05+U 

Blasters 

$23.15 

$7.05+U 

Miners/Drillers 

$19.75 

$7.05+U 

Truck  Drivers 

$22.60 

$7.04+U 

A  =  Paid  Holidays 

B  =  20%  premium  on  hazardous  work 

U  =  Paid  Holidays 

The  final  equation  for  determining  final  cost  is 

1.25  (Labor  +  Equipment  +  Material)  =  Total  Base  Cost 

add       10%  (Total  Base  Cost)  = 
add        5%  (Total  Base  Cost)  = 

The  1.25  multiplying  factor  includes  a  20%  backcountry  premium.   The  10%  and  5%  are 
profit  margin  and  cost  fee  for  administering  a  government  contract. 
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APPENDIX  D 

DESCRIPTIVE  PHOTOGRAPHS 

Still  photographs  and  a  video  film  were  taken  during  the  site  investigation.   One  copy  of  the 
video  tape  has  been  provided  to  the  NPS  as  a  part  of  this  report.   The  following  photos  are 
from  the  area  around  Mine  Tunnel  No.  1  and  Mine  Tunnel  No.  2.   The  approximate  photo 
locations  are  provided  on  a  plan  view  of  the  underground  workings. 
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Mine  Tunnel  No.  1 
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Photograph  1.   Front  View  of  Mine  Tunnel  No.  1  portal  area. 


Photograph  2.   Looking  south  up  Mine  Brook  outside  of  Mine  Tunnel  No.  1. 
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Photograph  3.   Looking  outward  to  portal  of  Mine  Tunnel  No.  1.    Note  material  on  the 
floor  and  sidewall  conditions. 
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Photograph  4.   Looking  outward  to  portal  of  Mine  Tunnel  No.  1.    Note  water  on  floor 
and  roof  conditions. 
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Photograph  5.   Looking  inward  in  Mine  Tunnel  No. 
side)  and  material  under  hanging  wall  (right  side). 


1.    Note  foot  wall  condition  (left 
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Photograph  6.    Looking  inward  in  Mine  Tunnel  No.  1.    Note  condition  of  the  hanging 
wall  (right  side). 
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Photograph  7.   Looking  outward  in  Mine  Tunnel  No.  1.   Note  slab  thickness  on 
hanging  wall,  approximately  18  thick. 


Photograph  8.    Looking  outward  in  Mine  Tunnel  No.  1.    Note  slab  on  top,  left  side, 
and  second  slab  underneath  the  hanging  wall. 
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Photograph  9.    Looking  inward  in  Mine  Tunnel  No.  1.    Water  depth  was 
approximately  5  inches. 
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Photograph  10.    Slab  formation  on  hanging  wall  in  Mine  Tunnel  No.  1. 
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Photograph  1 1 .    Portal  of  Mine  Tunnel  No.  1  with  existing  closure  fabricated  from  wood. 
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Mine  Tunnel  No.  2 
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Photograph  1.   The  tree  and  root  system  above  Mine  Tunnel  No.  2.   Note  the  degree 
of  erosion  caused  by  surface  drainage. 


Photograph  2.   The  tree  and  root  system  above  Mine  Tunnel  No.  2.   Note  the  undermining 
of  the  rocks  on  the  right  at  the  portal  caused  by  the  surface  drainage  down  a  manmade 
trench  (colonial  period). 


63 


Photograph  3.   The  portal  area  at  Mine  Tunnel  No.  2.   Note  the  blocky  structure  and 
jointing  above  the  door  area.   The  rock  just  above  the  door  may  need  to  be  supported. 


Photograph  4.   The  top  portion  of  the  portal  door  of  Mine  Tunnel  No.  2.    Note  the  wet 
condition  of  the  wood  which  indicates  run-off  water  at  the  portal  area. 
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Photograph  5.   The  immediate  roof  looking  outby  from  about  10  ft  inside  the  mine. 
Note  the  rock  projecting  from  the  roof  just  above  the  door.   This  rock  may  require 
supporting. 


Photograph  6.   The  jointing  system  of  the  immediate  roof  about  10  ft  inside  Mine  Tunnel 
No.  2. 
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Photograph  7.  The  sidewalls  and  floor  in  Mine  Tunnel  No.  2.   Note  the  small  amount 
of  material  along  the  sidewalls. 


Photograph  8.   The  roof  area  in  Mine  Tunnel  No.  2  as  photographed  at  the  time  of  the 
investigation.   The  flat  angled  roof  is  formed  along  a  shale  bed,  resulting  in  a  good  roof 
condition. 
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APPENDIX  E 

ROOF  BOLT  AND  RESIN  REQUIREMENTS 

Roof  Bolt  Specifications 

The  bolts  should  be  a  type  60  ASTM  steel  (60,000  psi  yield  strength)  3/4-in-diameter  rebar 
with  a  minimum  load  capacity  of  26,500  lb  or  a  cable  with  the  equivalent  or  greater  load 
capacity.   The  following  arc  a  list  of  manufacturers  that  can  provide  the  product  that  meets 
these  specifications: 

Birmingham  Bolt 
P.O.  Box  1208 
Birmingham,  AL  35201-1208 

Dywidag  Systems  International 
376  Creekside  Drive 
Avon  Lake,  OH  44012 

Jenmar  Corporation 
1330  Old  Freeport  Road 
Pittsburgh,  PA  15238-4100 

Rocky  Mountain  Bolt  Co. 
1215  South  Pioneer  Road 
Salt  Lake  City,  UT  84104 
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Resin  Specifications 

The  resin  cartridges  should  provide  a  minimum  of  2  ft  of  anchorage  along  the  upper  portion 
of  the  bolt.   It  is  recommended  that  a  resin  curing  time  of  no  less  than  2  minutes  be  used. 
However,  final  resin  requirements  can  be  determined  by  the  resin  manufacturer  depending  on 
the  type  of  reinforcement  used  and  the  method  of  installation.   Below  is  a  list  of  resin 
suppliers: 

E.  I.  duPont  de  Nemours  &  Co.,  Inc. 
P.O.  Drawer  863 
Martinsburg,  WV  25401 

Sandvik  Rock  Tools,  Inc. 

P.O.  Box  639 

Bristol,  VA  24203-0639 

Celtite 

P.O.  Box  3124 

Grand  Junction,  CO  81501 
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APPENDIX  I 

Coastal  Environmental  Services,  Inc.  "Vegetation  Mapping  and  Analysis  Pahaquarry 
Copper  Mine  Site  Delaware  Water  Gap."  Princeton,  N.J.:  Prepared  for  the  National 
Park  Service  by  Coastal  Environmental  Services,  Inc.,  January  1994 
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EXECUTIVE  SUMMARY 


The  vegetation  of  the  Pahaquarry  Copper  Mine  site  was  mapped  and  analyzed  in 
an  effort  to  document  the  vegetation  communities  on  the  site  and  to  understand  species- 
environmental  relationships.  Plant  cover  was  mapped  using  aerial  photointerpretation  and 
a  stratified  sampling  scheme  was  developed  to  provide  ground  truthing.  Vegetation 
composition  and  soils,  along  with  slope,  aspect,  and  elevation  in  12  quadrats  were 
studied  to  determine  the  factors  influencing  the  distribution  of  the  major  vegetation 
communities  on  the  site. 

After  correlating  the  changes  in  communities  with  changes  in  environmental 
factors,  it  appeared  that  the  major  differences  within  the  site  were  slop_e,  aspect,  and  site 
disturbance.  The  presence  of  Acer  rubrum,  Quercus  prinus,  and  Betula  lenta  were  most 
likely  present  due  to  low  soil  pH.  Hemlock  was  associated  with  cool,  moist  north-facing 
slopes,  with  the  exception  of  the  Hemlock  community  along  the  steep  north-west  facing 
ridge.  This  association  was  found  on  very  steep  (76%)  slopes  and  is  limited  by  annual 
potential  solar  radiation.  Black  birch  associations  were  limited  by  site  disturbances  and 
appeared  to  be  in  areas  with  highest  degree  of  disturbance.  The  disturbances  included 
selective  cutting,  clearing  for  pasture,  burns,  and  activities  associated  with  the  past 
copper  mining  activity. 


PAHAQUARRY  VEGETATION  MAPPING 

I.    INTRODUCTION 

Coastal  Environmental  Services,  Inc.,  at  the  request  of  the  National  Park  Service 
(NPS),  mapped  the  vegetative  communities  at  the  Pahaquarry  Copper  Mine  site.  Detailed 
field  data  was  collected  and  mapped  on  stable-base  mylar  at  a  scale  of  1 "  =  100'.  The 
information  is  to  be  an  integral  part  of  a  cultural  landscape  report  being  developed  by  the 
National  Park  Service.  To  supplement  the  map,  a  narrative  description  of  each  plant 
community  and  the  factors  limiting  their  growth  were  included. 

A.   Study  Area 

The  Pahaquarry  Site  is  located  on  the  eastern  side  of  the  Delaware  Water  Gap 
Recreational  Area  (see  Figure  1)  in  Warren  County,  New  Jersey,  along  Old  Mine  Road. 
The  site  is  bisected  by  Mine  Brook,  a  tributary  to  the  Delaware  River  that  enters  the 
Delaware  at  the  downstream  end  of  Poxono  Island.  The  site  is  situated  on  the  lower 
portion  of  the  northwest  side  of  Kittatinny  Mountain  (see  Figure  2).  The  Pahaquarry 
Copper  Mines  study  area  is  approximately  144  acres  (58  hectares). 

A  generalized  geological  profile  of  the  area  (see  Fig.  3)  shows  that  the  geological 
profile  of  Kittatinny  Mountain  consists  of  extensively  folded,  interbedded  strata  of 
sedimentary  rocks.  According  to  James  S.  Yolton  (1984),  "The  exposed  rock  in  the 
steep-walled  ravine  of  Mine  brook  is  the  Middle  Silurian  High  Falls  (Bloomsburg  in 
Pennsylvania),  a  1500  foot  thick  formation  of  mottled  red  and  gray-green  mudstone  and 
sandstone.  Locally  the  sandstone  is  stained  along  the  bedding  planes  and  joint  surfaces 
with  a  bright  green  coating  of  the  hydrous  copper  carbonate  mineral  malachite."  In 
addition,  the  copper  sulfide  chalcocite  is  disseminated  through  the  sandstone  and 
comprises  approximately  2.0  to  3.25  percent  of  it. 

The  top  of  Kittatinny  Mountain  is  approximately  1400  feet  above  mean  sea  level 
(MSL).  The  study  area  only  extends  to  about  900  feet  above  MSL  and  is  mostly  underlain 
with  younger  limestones  and  shales. 

The  area  is  located  north  of  the  Wisconsin  terminal  moraine  and  most  of  the  site 
is  on  well-drained  uplands.  According  to  the  Warren  County  soil  survey  (see  Figure  4), 
soils  adjacent  to  the  Delaware  River  to  about  250'  from  the  river  are  Pope  Fine  sandy 
loam  0-3%  (PnA).  From  here  to  about  500'  from  the  river  is  Hazen  Gravelly  Loams,  8- 
15%  (Hfc),  from  500  to  800'  is  Swartswood-Oquaqa  extremely  stony  loam  (SoC),  8- 
15%,  and  from  800-4000'  or  from  the  river  is  Rock  outcrop-Oquaqa  associations  RoF), 
very  steep. 

Climate  of  the  area  is  classified  as  temperate.  Due  to  the  exceedingly  variable 
nature  of  the  terrain,  the  microclimate  of  a  particular  site  is  greatly  influenced  by  its  slope 
and  aspect.  The  area  has  been  subjected  to  a  number  of  disturbances  in  the  past, 
including  clearing  of  pasture,  disturbance  from  the  mining  activity,  and  possible  fires. 
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SOURCE:       Alfred  B.  Pattern's  Map 
of  Warren  County 

SCALE:  1"  =  4000' 
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FIGURE  1 

Site  Location  Map 

Pahaquarry  Copper  Mines 
Pahaquarry  Township 
Warren  County 
New  Jersey 


SOURCE: 

USGS  7.5  Minute  Topographic  Series 
Bushkdll,  Pennsylvania-New  Jersey 
Quadrangle 
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FIGURE  2 

USGS  Topographic  Map 

Pahaquarry  Copper  Mines 
Pahaquarry  Township 
Warren  County,  New  Jersey 
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FIGURE  3 
GEOLOGIC  PROFILE 

Pahaquarry  Copper  Mines 
Pahaquarry  Township 
Warren  County,  New  Jersey 
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SOURCE:       USDA  Warren  County 
New  Jersey,  Soil 
Survey,  Atlas  sheet  2 

LEGEND: 

HfC-Hazen  gravelly  loam  8-15%  slopes 
PaA-Pope  fine  sandy  loam,  high  bottom  0-3  96 
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FIGURE  4 
SOILS  MAP 

Pahaquarry  Copper  Mines 
Pahaquarry  Township 
Warren  County,  New  Jersey 
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B.   Regional  Forest  Context 

The  Pahaquarry  Site  is  located  within  the7  Delaware  Water  Gap  Recreational  Area 
(see  Figures  1  and  2)  within  the  predominantly  broadleaf-deciduous  forest  classified  by 
Braun  (1950)  as  the  oak-chestnut  forest  region  of  northern  New  Jersey.  Others  (Bray, 
1930;  Nichols,  1935;  Lull,  1968;  and  Kuchler,  1964)  refer  to  this  area  as  a  transition 
between  oak-forest  to  the  south  and  hemlock-pine-northern  hardwood  forest  to  the  north. 
Robichaud,  B.  (1973)  differentiates  betweemwould  have  been  the  climax  forest  type  in 
this  area  without  the  interference  of  man  (mixed  oak  forest)  and  what  the  prevailing  forest 
types  are  today  (sugar  maple-mixed  hardwoods). 

Before  the  early  1900's,  this  forest  was  dominated  by  American  chestnut,  until  it 
was  decimated  by  the  chestnut  blight.  This  upland  forest  is  dominated  by  white  oak,  red 
oak,  and  black  oak  in  varying  proportions.  Both  the  chestnut  oak  and  the  scarlet  oak  are 
also  present.  This  forest  canopy  ranges  from  60  to  100  feet  tall.  Other  canopy  trees 
present  include  hickories,  red  maple,  sugar  maple,  ash,  tulip  tree,  beech,  black  cherry, 
sweet  birch,  black  gum,  and  elm.  Below  the  upper  canopy  layer  is  a  second  group  of 
understory  trees  at  a  height  of  30  to  40  feet.  These  include  dogwood,  hop  hornbeam, 
sassafras,  ironwood,  and  American  chestnut  sprouts.  The  shrub  layer  includes  maple- 
leaved  viburnum,  black  haw,  arrowwood,  spicebush,  witch  hazel,  beaked  hazel,  and  red 
and  gray  dogwoods.  In  acid  soil  areas,  blueberries,  huckleberry,  and  pinxter  flower  are 
found.  Vines  include  poison  ivy,  Virginia  creeper,  Japanese  honeysuckle,  and  wild  grape. 

In  the  dry-ridge  tops,  the  chestnut  oak  forest  can  be  found.  In  some  ridgetops  of 
the  higher  elevations  (such  as  along  the  top  of  Kittatinny  Mountain)  a  pine-scrub  oak 
forest  can  be  found.  In  wetlands,  lowlands  and  in  floodplains,  forests  are  dominated  by 
yellow  birch,  red  maple,  ash,  basswood,  tulip  tree  and  black  gum.  Box  elder  and 
riverbirch  are  also  found  in  the  floodplains.  Common  shrubs  include  alder,  willow, 
buttonbush,  spicebush  and  witch  hazel.  Herbs  include  skunk  cabbage,  spring  herbs, 
sedges  and  mosses. 

Hemlocks  dominate  steep  ravines  and  north  facing  slopes  in  association  with  black 
birch,  red  maple,  and  sugar  maple,  and,  to  a  lesser  extent,  white  ash. 


II.   METHODS 

A.   Aerial  Photo  Interpretation 

Coastal,  in  cooperation  with  the  National  Park  Service,  generated  a  detailed 
vegetation  map,  along  with  a  vegetation  and  soil  profile  of  the  study  area.  The  immediate 
goal  of  this  project  was  to  create  a  detailed-scale  (1"  =  100')  vegetation  map  that 
accurately  depicts  and  provides  information  about  the  various  vegetative  communities 
found  in  the  study  area.  In  order  to  do  this,  a  hierarchical  vegetation  classification  system 
was  first  developed  for  the  study  area.  A  1"  =  100'  scale  black  and  white  aerial 
photograph  supplied  by  the  NPS  was  used  in  conjunction  with  color  aerial  photography. 
A  stratified  sampling  scheme  was  developed  to  provide  detailed  precision  ground  truthing. 
Utilizing  this  information,  the  detailed  vegetation  maps  were  checked  and  updated. 


B.   Sampling  Design 

In  order  to  gain  the  maximum  information  out  of  a  limited  number  of  samples,  a 
stratified,  preferential  sampling  scheme  was  used  to  ground-truth  the  vegetation  map. 
Preferential  sampling  is  a  method  used  most  frequently  by  plant  ecologists  (especially  the 
Europeans)  in  which  sample  sites  that  appear  to  be  homogenous  are  selected  and 
distributed  among  the  community  types  equitably. 

The  initial  quadrats  were  placed  under  a  stratified  sampling  scheme.  Several 
studies  have  classified  the  forest  of  this  area  on  the  basis  of  differences  in  topography, 
soils  and  microclimate.  Geological  differences,  mostly  in  their  effect  on  soils,  and 
exposure  induced  differences  have  been  shown  to  significantly  effect  forest  composition 
(Baiter  and  Loeb,  1983;  Canton,  1953).  Based  on  these  previous  studies,  the  samples 
taken  for  the  Pahaquarry  Vegetation  Mapping  were  stratified  by  topography  and 
microclimate. 

First  the  watershed  was  divided  into  three  elevational  strata:  300-500  feet,  501- 
700  feet,  and  701-900  ft.  Then  they  were  stratified  by  the  three  major  slope  faces 
(northwest,  east,  and  west  facing  slopes).  Since  the  area  is  on  the  northwest  facing  side 
of  Kittatinny  Mountain,  most  samples  needed  to  be  northwest-facing.  There  were  no 
south  facing  slopes  sampled.  Thus,  the  area  was  stratified  into  nine  sections  in  which 
sampling  units  were  placed.  Within  each  section,  a  tenth-hectare  quadrat  was  located. 
Three  additional  quadrats  were  located  in  the  northwest-facing  area,  bringing  the  total 
number  of  quadrats  to  12. 

In  order  to  understand  the  effect  of  slope  and  elevation  on  the  vegetation,  most 
of  the  northwest-facing  slope  quadrats  were  established  along  one  major  transect  line 
running  perpendicular  to  the  contours,  starting  at  the  lower  elevation  of  the  site  and 
ending  at  the  top  elevation.  These  data  were  used  to  construct  a  vegetation  profile  (Figure 


5).  Within  this  overall  sampling  scheme,  an  attempt  was  made  to  place  samples  within 
a  "core"  study  area  designated  by  the  National  Park  Service,  which  is  shown  on  the 
Vegetation  Map  (Figure  6). 

These  plots  are  drawn  to  scale  and  their  approximate  location  shown  on  the 
Vegetation  Map.  The  transect  A-A'  is  also  shown  on  the  vegetation  map.  There  were 
a  total  of  12  sampling  quadrats  (labeled  Q-1  through  Q-12).  All  were  tenth-hectare 
quadrats,  except  for  quadrats  11  and  12,  which  were  1/20  hectare.  The  tenth-hectare 
quadrats  are  50  meters  by  20  meters,  or  .1  hectare  (about  .25  acres)  in  size.  This 
represented  an  approximately  2%  sample  of  the  study  area.  On  a  previous  (wetland) 
study,  Coastal  had  taken  smaller  vegetation  samples  which  have  been  utilized  to 
supplement  these  more  detailed  larger  quadrats. 

For  each  plot,  elevation  was  determined  from  the  topographic  map,  azimuth 
determined  by  compass  reading,  and  percent  slope  was  determined  using  an  abney  level. 
Information  collected  at  each  Quadrat  is  shown  in  Appendices  A  and  B.  Using  azimuth 
and  percent  slope,  a  radiation  index  (annual  potential  direct  solar  radiation)  was  calculated 
for  each  plot  (Table  1),  using  the  tables  of  Frank  and  Lee  (1966). 

Table  1.   Slope,  Aspect  and  Radiation  Index 


PARAMETER 

Q1 

02 

03 

04 

05 

Q6 

Q7 

08 

09 

010 

011 

Q12 

Community 

CO 

MO 

H/MH/R 

H/CO 

BB/MH 

MH/R 

MO 

CO/R 

MH/R 

MO 

BB/ 

H/M 

Elevation 

670 

755 

490 

550 

470 

460 

852 

850 

395 

810 

775 

700 

Slope 

55% 

0 

68 

76 

2 

82 

8 

17 

11 

15 

20% 

45 

Aspect 

N30°W 

... 

W 

N-W 

... 

E 

N-W 

N-W 

N 

N-W 

w 

N60I 

Radiation 

28 

48 

47 

24 

48 

47 

47 

44 

45 

45 

48 

41 

C.   Field  and  Laboratory  Procedures 

1.0  Soils 

Soil  samples  were  collected  from  the  A  and  B  horizons  down  to  the  depth  of 
refusal  and  were  classified  in  the  field  for  texture.  Soil  samples  were  collected  and 
composited  for  laboratory  analysis  at  all  plots  along  the  A-A'  transect.  They  were  sent  to 
a  laboratory  and  analyzed  for  organic  matter,  CEC,  and  nutrients. 


2.0  Vegetation 

Much  American  work  uses  tenth-hectare  (50  X  20  m)  standard  samples  (Whittaker, 
1978).  To  allow  the  vegetation  data  collected  at  Pahaquarry  to  be  compared  to  other 
vegetation  studies,  a  standard  community  sampling  procedure  for  tenth-hectare  quadrats 
was  followed  in  our  data  collection. 

Trees  were  tallied  by  species  and  diameter  at  breast  height  (permitting  calculations 
of  basal  areas)  and  shrubs  by  diameter  at  the  base.  For  the  herbs  and  low  shrubs,  cover 
estimates  were  recorded  in  25  quadrats  of  1  m2  placed  along  the  sample  midline  or 
randomly  in  its  area.  Diameter  at  breast  height  was  determined  for  all  stems  greater  than 
.5  inches,  including  standing  dead  stems.   Trees  under  1  inch  were  listed  as  saplings. 


D.   Data  Analysis 

A  direct  gradient  analysis  approach  was  used  in  analyzing  the  vegetation  and 
environmental  information  collected.  This  approach  is  useful  in  understanding  how  the 
distribution  of  vegetation  varies  along  major  environmental  gradients.  This  particular 
analysis  makes  the  assumption  that  vegetation  species  are  individualistic  in  their 
responses  to  the  environmental  gradients  and  that  plant  communities  form  a  vegetational 
continuum.  The  community  terms  such  as  "chestnut  oak  forest"  or  "hemlock/  mixed 
hardwoods"  are  useful  for  descriptive  purposes,  but  it  is  recognized  that  some  stands  are 
borderline  in  the  continuum  between  these  types;  therefore,  their  assignment  to  a  given 
type  is  partly  arbitrary.  It  may  also  be  noted  that  most  species  have  one  optimum 
location  along  a  particular  environmental  gradient  and  decline  to  either  side.  Most 
responses  are  approximately  bell  shaped,  or  gaussian. 


Direct  gradient  analysis  can  be  used  to  determine: 

1 .  What  environmental  factor  principally  affects  the  distribution  of  plants. 

2.  How  environmental  factors  can  best  be  measured. 

3.  What  additional,   secondary,  environmental  gradients  affect  community 
distribution. 

4.  What  the  best  method  is  for  combining  individual  species  into  communities. 

Since  resources  were  not  available  for  a  full  gradient  analysis  approach,  ordination, 
classification  and  an  informal  gradient  analysis  were  utilized  to  answer  these  questions. 
Appendix  A  shows  the  basic  vegetation  data  of  all  1 2  quadrats.  Individual  tree  counts  for 
each  species  and  for  each  diameter  size  class  were  recorded.  The  total  for  each  species 
was  computed  and  a  total  number  of  species  for  each  quadrat  tallied.  This  number  of 
species  in  each  quadrat  is  a  simple  measure  of  species  diversity,  usually  called  species 
abundance.  This  number  is  indicated  in  the  second  row  of  the  vegetation  profile  (Figure 
5)  under  each  forest  community  and  shown  in  Table  2. 

Basal  area  was  calculated  in  order  to  obtain  an  estimate  of  vegetative  cover.  Cover 
is  defined  as  the  crown  or  shoot  area  of  a  species  and  is  expressed  as  a  fraction  or 
percentage  of  the  reference  area.  Instead  of  crown  area,  cover  may  also  imply  the 
projection  of  the  basal  area  to  the  ground  surface.  The  basal  area  is  the  area  outline  of 
a  plant  near  the  ground  surface.  In  trees  it  is  calculated  by  measuring  through  the 
diameter  of  a  plant,  usually  at  breast  height  (DBH)  (i.e.,  1.5  m  above  the  ground),  using 
the  formula  Basal  Area  =  n  r2,  where  r  equals  1/2  dbh.  This  breast  height  measurement 
is  acceptable  as  a  basal  area  measurement  in  most  temperate  tree  stands  (Mueller, 
Dombois,  1974).  Cover  as  a  measure  of  plant  distribution  has  been  emphasized  as  being 
of  greater  ecological  significance  than  density.  This  idea  is  based  on  the  observation  that 
cover  gives  a  better  measure  of  plant  biomass  than  does  the  number  of  individuals. 
Utilizing  this  basal  area  formula,  the  basal  area  of  each  species,  the  mean  basal  area  of 
each  species  and  the  total  basal  area  for  each  quadrat  were  calculated  (see  Appendix  A). 

It  is  valuable  to  establish  which  species  have  the  greatest  "importance"  in  a 
community,  although  this  measure  depends  on  which  values  the  investigator  feels  is  of 
most  significance  to  a  particular  species  or  group  of  species.  It  has  become  standard 
practice  to  utilize  a  composite  importance  value  developed  by  Curtis  (1956).  This 
importance  value  (IV)  is  defined  as  the  sum  of  relative  density,  relative  frequency  and 
relative  dominance.  These  values  were  calculated  for  each  species.  Tables  showing 
relative  density,  species  dominance,  relative  dominance,  species  frequency,  relative 
frequency  and  final  calculated  importance  value  can  be  found  in  Appendix  C. 


Importance  Value  (IV): 

1 .      Relative 

Density  (RD): 


Number  of  individuals  of  species/total 
number  of  individuals  x  100 


2.      Relative 

Dominance  (RDO):    Dominance  of  a  species/dominance 

of  all  species  x  100 


3. 


5. 


Species 
Dominance: 


Species 
Frequency: 


Mean  basal  area  (ba)  per  tree  x  number  of  trees  in  a  species 


Relative 

Frequency  (RF):        Frequency  of  a  species/sum  frequency  of  al 

species  x  100 


Number  of  points  (quadrats)  with  species/total 
points  x  100 


IV  =  RD  +  RDO  +  RF 

Two  measures  of  diversity  were  also  calculated  for  each  quadrat:  the  Shannon 
Index,  and  the  Simpson  Index.  In  both  cases,  a  high  value  indicates  greater  density  (Table 
2,  below).  Finally,  as  a  measure  of  similarity,  percent  similarity  and  the  Jaccaro 
coefficient  were  calculated  for  the  quadrats  along  the  A-A'  transect.  These  coefficients 
are  shown  in  Appendix  F. 


CM 

S 

(0 

' 

CO 
CD 

CO 

o> 

CO 

o 

CM 

m 

m 

CO 
CO 

d 

CM 

d 

T— 

r^ 

CM 
CM 

O) 
lO 

CM 
CO 

CM 
CO 

d 

CM 

d 

O 

o 

O) 

CO 

CM 

o 

CM 

m 

CM 

d 

m 

Oi 

d 

o> 

CO 

CM 

CO 
CO 
CO 

CM 
CO 

CM 
CM 
CM 

d 

CO 
00 

d 

00 

CO 

m 

o 

CO 

CO 
CO 

CM 

CM 

CO 
CO 

d 

CM 

d 

1^ 

d 

CO 

h- 

CM 
CM 

CM 

in 

CO 

m 
d 

CO 

o> 
d 

(O 

CO 

m 

oo 

m 

CO 

CO 
CO 
CO 

CM 

d 

CM 

CO 

CM 
CO 

d 

CO 
CO 
CO 

d 

w 

-*• 

CO 

IO 

CO 
CO 

at 
o 

CO 

m 

CO 

m 
d 

CO 

d 

C/3 
LU 
O 
Q 

-<r 

CO 

to 

m 

CM 
CO 

in 

m 

CO 

CO 
CO 

o 

CO 

m 
d 

CO 
CO 

d 

Z 

o 
< 

CO 

m 

CM 

r^ 

m 

m* 
a> 
o 

CM 

CM 

CO 

CO 

d 

to 
d 

o 

LU 
> 

O 

CM 

O) 

o 

CM 
CO 

d 
o 

CM 

CO 

d 

CO 

en 

CO 

d 

o 
d 

< 

D 
0) 

o 

CO 

CM 

o 

CO 
CO 

o 

CM 

CO 

ai 

CO 

CO 
CO 

d 

O) 

a> 

CO 

d 

c\i 

LU 

1 

CD 

Q 
< 

O 

(A 

CO 

3 

•a 
'> 

c 

o 

ft 

*o 

0) 

Q. 

w 
o 

u 

c 

CO 

c 

-Q 
< 

TO 

< 

"55 

V) 
CO 

CD 

(0 

a> 
< 

CO 

co 
CD 

c 

CO 
0) 

5 

> 
\- 

V) 

LU 
> 

c 
o 

c 
c 

CO 

-C 

(0 

c 
o 

10 

Q. 

E 

III.    RESULTS 

A.   Soils 

Based  on  the  soil  samples  obtained  in  the  field,  the  site  consists  of  silt  loams  and 
shaly  silt  loams  in  the  A  horizon  and  heavy  sandy  loams  and  heavy  silty  loams  in  the  B 
horizon.  Soil  thickness  varies  from  7  inches  to  24  inches.  Rock  outcrops  frequently 
occur  along  ridges  and  on  steep  slopes.  Table  3  summarizes  the  soil  field  samples. 

Table  3.   Soil  Data 


Quadrat 

Soil 
Horizon 

Depth 
(inches) 

Soil  Texture 

Notes 

1 

A 

0-21 

Silt  loam 

2"  root  mat  on  surface 

Soil  moisture  content  near 
saturation  @  1  8" 

2 

A 

0-7 

Shaly  silt  loam 

Very  stony  surface 

4 

A 

0-13 

Silt  loam 

1 "  organic  mat  on  surface 

5 

A 
B 

0-8 
8-13.5 

Silt  loam 
Heavy  silt  loam 

2"  organic  mat 

7 

A 

0-2 
2-24 

Silt  loam 

Heavy  sandy  loam 

8 

A 

0-5 
5-23 

Loam 

Heavy  sandy  loam 

A  review  of  the  soil  fertility  analyses  submitted  for  the  Pahaquarry  Mine  site  does 
not  indicate  considerable  variation  among  quadrats.  The  soil  pH  across  the  sites  was 
rather  low,  ranging  from  4.2  to  4.8.  In  addition,  the  majority  of  the  Cation  Exchange 
Capacity  was  occupied  by  hydrogen.  This  is  not  unexpected,  given  the  overall  low  soil 
pH  levels.  A  review  of  the  individual  nutrient  analysis  for  potassium,  magnesium  and 
calcium  generally  indicated  these  nutrient  levels  to  be  rather  low,  with  some  variation 
among  sampling  points.  There  was  more  variation  noted  in  the  phosphorus  levels,  with 
a  range  of  6  ppm  to  56  ppm.  However,  these  levels  could  not  be  correlated  with  changes 
in  vegetational  communities.  Similarly,  the  organic  matter  levels  present  could  also  not 
be  correlated  with  changes  in  the  communities.  The  greatest  organic  matter  level  was 
recorded  at  Quadrat  #5,  located  at  the  base  of  the  slope.  This  would  be  anticipated  since 
this  is  generally  the  flattest  area,  and  receives  depositional  material  from  upslope. 


The  limited  fertility  testing  did  not  reveal  much  variation  that  could  explain  the 
noted  changes  in  vegetational  communities.  The  fertility  status  of  all  the  sites  was 
generally  low.  Soil  analysis  results  can  be  found  in  Appendix  E. 


B.   Species-Environmental  Relationships 

Comparisons  between  site  factors  and  measures  of  species  distribution  were 
examined.  Measures  examined  included  abundance,  basal  area,  importance  value,  and 
diversity. 

1.0   Abundance 


Table  4  below  indicates  that  species  abundance  on  the  north  west  slope  of  the 
Pahaquarry  site  decreases  with  increasing  elevation. 

Table  4.  Species  Abundance  Along  an  Elevation  Gradient 


Elevation 

Community 

No.  of  Species 

470 

Black  Birch-Mixed  Hardwoods  (BB/MH) 

34 

550 

Hemlock-Chestnut  Oak  (H/CO) 

32 

670 

Chestnut  Oak  (CO) 

6 

755 

Mixed  Oak  (MO)  (ridge) 

9 

850 

Mixed  Oak  (MO) 

7 

850 

Mixed  Oak-Rhododendron  (MO/R) 

9 

Table  5  shows  this  abundance  data  (the  number  of  individuals)  for  each  species  in 
all  quadrats. 
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2.0   Basal  Area 

Basal  area  and  elevation  were  also  compared.  Basal  areas  are  listed  on  the 
vegetation  profile  (Figure  5)  and  are  listed  in  ascending  order  of  elevation  in  Table  6 
below: 

Table  6.  Basal  Area  along  an  elevational  gradient 


Elevation 

Community 

Basal  Area 

470 

Black  Birch-Mixed  Hardwoods  (BB/MH) 

1,194 

550 

Hemlock-Chestnut  Oak  (H/CO) 

1,656 

670 

Chestnut  Oak  (CO) 

2,086 

755 

Mixed  Oak  (MO)  (ridge) 

2,010 

850 

Mixed  Oak  (MO) 

1,273 

850 

Mixed  Oak-Rhododendron  (MO/R) 

2,783 

3.0   Importance  Value 

Table  7,  below,  lists  the  major  species  of  importance  on  the  site  in  decreasing 
order  of  importance  value.  The  chestnut  oak  had  the  highest  importance  value  for  all  the 
quadrats. 

Table  7.  Importance  Value  of  Major  Species 


Species 

Importance  Value 

Importance  Percentage 

Quercus  prinus 

.56 

18.58% 

Betula  lenta 

.53 

17.64% 

Rhododendron  maximum 

.30 

10.11% 

Tsuga  canadensis 

.29 

9.73% 

Quercus  rubra 

.28 

9.26% 

Acer  rubrum 

.19 

6.24% 

Acer  saccharum 

.16 

5.45% 

Amelancier  arborea 

.10 

3.49% 

11 


4.0   Diversity 
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Species  diversity  per  quadrat  (see  Table  a)  did  not  change  significantly  wi 
elevational  gradient.  The  biggest  differences  were  the  low  diversity  rndices  fotmdln  tl 
Hemlock-Chestnut  Oak  Association. 

Table  8.   Abundance  and  Diversity  along  an  Elevation  Gradient 


ir 


Elevation 

Community 

Shannon 
Index 

Simpson 
Index 

No.  of 
Species 

470 

Black  Birch-Mixed  Hardwoods 
(BB/MH) 

548 

647 

34 

550 

Hemlock-Chestnut  Oak  (H/CO) 

58 

66 

32 

670 

Chestnut  Oak  (CO) 

631 

699 

6 

755 

Mixed  Oak  (MO)  (ridge) 

696 

701 

9 

850 

Mixed  Oak  (MO) 

775 

795 

7 

850 

Mixed  Oak-Rhododendron  (MO/R) 

673 

720 

9 
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IV.  DISCUSSION 

A.  Vegetation  Structure 

The  communities  on  the  site  differ  less  in  overall  basal  area  then  they  do  in  serai 
stage  and  vegetation  structure.  The  mixed  oak  and  hemlock  communities  have  fewer 
numbers  of  larger  stems,  while  the  birch  communities  have  greater  number  of  smaller 
stems  indicative  of  second  growth  forests.  The  mixed  oak  community  above  the  ridge 
(Q7)  shows  a  very  evenly  spread  distribution  of  size  classes,  from  2  inch  diameters  up  to 
19  inch  diameters.  In  contrast  to  this,  90%  of  the  black  birch  community  at 
approximately  the  same  elevation  had  stems  smaller  than  4  inches  in  diameter. 

Secondary  succession  following  logging  and  fire  usually  involves  less  complete 
sequences  of  life  forms,  as  noted  in  a  number  of  the  communities  found  on  the  site. 
These  forest  associations  would  be  expected  to  be  part  of  the  same  topographic  habitat 
type,  yet  they  exhibit  very  significant  differences  in  species  composition  and  vegetative 
structure.  These  differences  are  primarily  caused  by  past  disturbances  resulting  in 
secondary  succession. 

B.  Species-Environmental  Relationships 

Soils  within  the  site  did  not  appear  to  exhibit  significant  differences  among 
samples.  Generally,  however,  soil  pH  through  the  site  was  low  (4.3-4.8)  which  would 
have  a  noticeable  effect  on  species  composition.  In  this  study  area  Acer  rubrum,  Betula 
lenta,  Quercus  prinus  and  Quercus  rubra  were  directly  associated  with  lower  pH  values 
and  higher  values  of  iron,  aluminum,  organic  matter  and  sand.  These  species  all  appeared 
to  have  relatively  high  importance  value  in  the  study  area;  therefore,  the  predominance 
of  these  species  appears  to  be  related  to  soil  pH  and  nutrient  status. 

Hemlock,  on  the  other  hand  does  not  appear  to  be  associated  with  particular  soil 
textures  or  nutrient  status.  Hemlock  appears  mostly  to  be  limited  to  cooi  and  moist  north- 
facing  slopes  independent  of  underlying  bedrock.  Most  of  the  hemlocks  on  the 
Pahaquarry  site  are  located  in  the  cool,  moist  ravine  around  Mine  Brook.  The  band  of 
hemlocks  along  the  north-west  facing  slope  was  the  only  Hemlock  association  not  related 
to  the  ravine.  This  particular  association  is  found  on  a  very  steep  slope  (76%)  with  a 
north  west  aspect,  which  receives  very  little  light.  In  fact,  an  examination  of  the  radiation 
index  values  for  the  region  (Frank  and  Lee,  1  966)  shows  the  annual  potential  direct  solar 
radiation  to  be  very  low  and  about  one-half  the  value  (24)  of  the  other  vegetation 
associations  (44-48).  It  appears  that  this  particular  association  is  limited  by  low  light, 
which  causes  this  microclimate  to  remain  cool  and  moist.  Moisture  from  the  Delaware 
River  may  also  contribute  to  the  microclimatic  condition. 

Low  pH  interferes  with  the  functioning  of  decay  organisms,  allowing  higher 
concentrations  of  organic  matter  to  build  up.    Based  on  this,  one  might  expect  organic 
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matter  to  be  in  the  5-6%  range.  Instead,  it  ranges  (in  the  A  horizon)  from  2.1  to  4.4% 
in  the  samples  analyzed.  This  lower  than  expected  concentration  of  organic  matter  could 
be  due  to  the  steep  slopes  and  to  past  site  disturbances. 

C.  Vegetation  Associations  Within  the  Study  Area 
1 .         Mixed  Oak  Associations 

1.1       Mixed  Oak  Forest  (MO) 

The  mixed  oak  association  is  largely  a  chestnut  oak/red  oak  association  This  is 
Icn^nn' predominant  association  on  the  site  and  occupies  most  of  the  site  above  the 
750-900'  contour.  This  association  can  be  found  from  completely  flat  slopes  (Q2)  to 
moderate  slopes  of  10%  (Q7)  to  15%  (Q10),  and  is  generally  found  on  northwest-facing 
slopes.  Exposure  tends  to  be  moderate,  with  low  to  moderate  disturbance.  Position  is 
often  mid  to  uppermost  slope. 

The  dominant  species  of  this  association  are  chestnut  oak  (Quercus  prinus)  34-57 
/o  red  oak  (Quercus  rubra),  13-33%,  and,  occasionally,  white  oak  (Quercus  alba),  0  to 
23/o.  Sweet  birch  (Betula  lenta) ,  13%,  and  black  cherry  (Prunus  serotina),  11%  are  often 
codom.nants.  Other  trees  include  hemlock,  red  maple,  white  ash  {Fraxinus  americana) 
sweet  pignut  hickory  (Carya  glabra),  and  downy  service-berry  {Amelanchier  arborea) 
Saplings  include  hemlock,  eastern  red  cedar  Uuniperous  virginiana),  and  eastern  white 
pine  (P/nus  strobus).  Vegetation  composition  is  represented  by  Quadrats  #2,  Ul  and  #10. 

Soils  can  be  very  shallow    (7")  to  moderately  deep  (24")  for  this  association     Silt 
loams  dominate  the  'A'  horizon,    with  heavy  sandy  loams  found  in  the  'B'  horizon     The 
umber  of  md.v.duals  is  moderate  (30- 1 40),  the  measure  of  abundance  (number  of  species) 
is  moderate  to  high  (7-10),  and  basal  area  is  also  moderate  to  high  (1273-2010  sq 
in./quadrat).    Diversity  is  high  (.696  -  .701  (Simpson)/.775  -  .793  (Shannon)). 

The  high  diversity  and  lower  number  of  individuals  shows  this  association  to  be 
relatively  mature  and  undisturbed.  This  association  is  the  closest  to  the  oak-chestnut 
forest  region  of  northern  New  Jersey  (Braun,  1950). 

1 .2       Mixed  Oak/Kalmia  (MO/K) 

This  association  is  the  same  as  the  Mixed  Oak  association  above  except  that  it 
contains  significant  amounts  of  mountain  laurel  (Kalmia  latifolia)  in  the  shrub  layer. 
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1 .3      Chestnut  Oak  Forest  (CO) 

The  Chestnut  Oak  Forest  is  a  common  community  along  dry  ridgetops  of  higher 
elevations  in  northern  New  Jersey.  At  the  Pahaquarry  site,  this  association  can  be  seen 
along  the  Kaiser  trail.  It  tends  to  be  found  between  elevations  of  600-750'  on  steep 
slopes  (50-60%)  and  on  northwest  facing  slopes  which  are  moderately  exposed  with  only 
slight  disturbance.  Quadrat  #1  is  representative  of  this  association.  The  dominant 
species  is  chestnut  oak  (Quercus  prinus),  which  accounts  for  about  70%  of  the  basal  area 
of  the  association.  Other  trees  in  the  canopy  include  red  oak  (Quercus  rubra)  and  Sweet 
birch  [Betula  lenta).  Red  maple  {Acer  rubrum)  and  Hemlock  (Tsuga  canadensis)  are  also 
present  in  small  numbers.  The  shrub  layer  is  dominated  by  lowbush  blueberry  (Vaccinium 
angustifolium)  and  highbush  blueberry  {Vaccinium  corymbosum).  Very  little  herbaceous 
layer  exists,  other  than  various  grasses.  Soil  depth  is  relatively  shallow  (21")  and  soil 
texture  is  mostly  silt  loam. 

The  number  of  individuals  (107/quadrat)  is  high,  while  abundance  (number  of 
species)  is  moderate  for  the  site  (6).  The  overall  basal  area  (2086  sq.  in. /quadrat)  is  high 
with  relatively  high  diversity  (.631/. 699).  This  indicates  that  it  is  a  relatively  mature 
association  with  minimal  disturbance  in  the  recent  past. 


1 .4       Chestnut  Oak/Rhododendron  (CO/R) 

This  chestnut  oak/rhododendron  association  is  located  above  the  first  steep  ridge 
of  the  core  area  at  elevations  of  840-860'.  Slope  is  about  1 7%  and  aspect  is  north/west. 
This  association  is  represented  by  data  collected  in  Quadrat  #8.  The  dominant  tree  is 
chestnut  oak  {Quercus prinus),  34%,  and  the  dominant  shrub  is  rhododendron,  accounting 
for  30%  of  the  basal  area. 

Basal  area  of  this  association  was  the  highest  of  all  associations  found  on  the  site 
(2783  sq.  in.  quadrat).   Abundance  was  high  (10)  and  diversity  average  (.673/. 721). 


1.5       Mixed  Hardwood/Rhododendron  (MH/R) 

This  association  varies  from  a  riverine  wet  community  consisting  of  black  birch/elm 
and  rhododendron  along  the  stream,  to  black  birch,  chestnut  oak  and  rhododendron 
located  within  the  stream  ravine  but  away  from  the  stream  itself  and  up  the  eastern 
facing  slopes.  It  is  found  at  midslope  elevations  of  350-530'  and  can  range  from 
relatively  flat  slopes  (1 1  %)  to  extremely  steep  slopes  (82%).  The  slope  faces  north  along 
the  river  itself  and  east  to  north-east  at  higher  elevations.  These  associations  have  well 
protected  exposure.  Most  of  the  community  has  been  heavily  disturbed  and  could  be 
classed  as  a  young  second  growth  forest. 


15 


The  dominant  tree  species  are  sweet  birch  {Betu/a  lenta),  20-31%,  and  chestnut 
oak  {Quercus  prinus) ,  0-25%.  Slippery  elm  (Ulmus  rubra),  0-14%,  and  river  birch  (Betula 
nigra)l,  0-1 1%,  are  found  along  the  stream.  Red  oak  is  also  a  significant  co-dominant 
(14.5%).  Other  trees  include  striped  maple  {Acer  pennsylvanicum) ,  red  maple,  downy 
service-berry,  and  hemlock.  Quadrats  #6  and  #9  represent  the  community  data. 

The  main  shrub  is  rhododendron,  which  accounts  for  15  -  21  %  of  the  total  basal 
area  of  the  association.  Herbaceous  plants  include  sub-arctic  lady  fern  {Athyrium  fi/ix- 
femina)  and  sweet  birch  seedlings. 

The  number  of  individuals  is  average  (53)  with  an  average  number  of  species  (8). 
The  basal  area  (668  sq.  in. /quadrat)  is  the  lowest  of  any  association  sampled.  Diversity 
is  about  average  (.623/. 686).  This  association  appears  to  be  largely  a  product  of  the 
extremely  steep  slope,  making  this  association  susceptible  to  wind  and  storm  damage, 
keeping  it  in  an  earlier  successional  stage  and  keeping  the  basal  area  and  biomass  very 
low. 


2.0   Hemlock  Association 

2.1       Hemlock/Mixed  Hardwood/Rhododendron  (H/MH/R) 

This  hemlock/chestnut  oak/rhododendron  association  dominates  much  of  the  ravine 
at  the  Pahaquarry  site  and  is  found  at  elevations  of  440-750'  on  steep  to  very  steep 
slopes  (45-68%).  It  is  found  on  west  to  northwest  facing  aspects,  on  either  well 
protected  ravines  or  moderately  exposed  slopes.  Disturbance  ranges  from  slight 
disturbance  to  moderate  or  heavy  in  some  cases  (Q3)  due  to  mine  shaft  spoil  and  rock 
slides. 

Dominant  species  are  hemlock  (Tsuga  canadensis),  30-35%,  chestnut  oak 
{Quercus  prinus) ,  20-27%,  sweet  birch  {Betula  lenta),  20%,  and,  in  some  cases,  red  oak 
(Quercus  rubra),  0-22%.  Shrubs  include  rosebay  rhododendron  {Rhododendron 
maximum),  which  accounts  for  10  to  16%  by  total  basal  area  of  the  entire  association, 
American  witch  hazel  (Hamamelis  virginiana),  and  lowbush  blueberry.  Typical  vegetation 
composition  is  represented  by  data  from  Quadrats  #3  and  #12.  Total  individuals  (125) 
is  very  high  with  moderate  abundance  (7).  Basal  area  is  high  (2095  sq.  in. /quadrat)  and 
diversity  is  high  (.71 3/. 781). 

This  association  covers  much  of  the  Pahaquarry  ravine  and  is  therefore  found  in 
areas  of  little  to  extensive  disturbance.  Most  of  the  disturbance  is  a  direct  result  of  the 
copper  mining  activity  that  occurred  in  the  study  area  and  is  either  from  direct  mining, 
spoil  piles  and  rock  slides,  or  mining  road  construction. 


16 


2.2  Hemlock/Mixed  Hardwood  (H/MH) 

This  Hemlock/Mixed  hardwood  association  is  essentially  the  same  as  the 
hemlock/mixed  hardwood/rhododendron  association  described  above,  except  that  it  lacks 
the  rhododendron  shrub  layer. 

2.3  Hemlock/Chestnut  Oak  (H/CO) 

The  hemlock/chestnut  oak  association,  unlike  most  of  the  hemlock  in  the  study 
area,  is  not  associated  with  the  ravines.  Instead,  is  it  located  from  elevations  of  530-565' 
on  very  steep  (76%)  northwest  facing  slopes.  This  association  is  a  linear  strip  along  the 
north  side  of  Kittatinny  on  the  Pahaquarry  site.  It  tends  to  have  moderate  exposure  and 
the  disturbance  is  slight.  The  two  dominant  species  are  hemlock  (Tsuga  canadensis), 
47%,  and  chestnut  oak  {Quercus  prinus),  45%.  Other  trees  include  sugar  maple,  sweet 
birch,  northern  red  oak,  eastern  hemlock,  and  red  maple.  The  only  significant  shrub  is 
downy  service-berry.  The  herbaceous  layer  includes  grass  species,  cinnamon  fern 
(Osmunda  cinnamonea) ,  and  Christmas  fern  (Polystichum  acrostichoides) .  Typical 
vegetative  composition  is  represented  by  Quadrat  #4. 

Soils  are  silt  loams  to  refusal  at  13".  The  number  of  individuals  is  relatively  low 
(63)  and  abundance  is  low.  Basal  area  is  moderate  (1655  sq.  in. /quadrat)  and  diversity 
is  low  (.58/. 66). 

The  low  indicators  imply  that  this  community  is  most  likely  being  limited  by  low 
soil  moisture  due  to  thin  soils  and  steep  slopes,  and  by  low  light  resulting  from  a 
combination  of  northwest  facing  aspect  and  steep  slopes. 


3.0   Black  Birch  Association 

3.1        Black  Birch/Mixed  Hardwood  (BB/MH) 

The  black  birch/mixed  hardwood  association  appears  to  be  a  second  growth  forest 
association  formed  directly  as  a  result  of  some  significant  disturbance.  Found  at  a  few 
different  elevations  on  the  site,  it  is  mostly  between  elevations  of  465  to  800',  on  flat  or 
western  facing  slopes.  In  the  study  area,  this  association  appeared  mostly  on  relatively 
flat  to  moderately  steep  slopes  (2%-20%)  with  moderate  exposure.  The  heavy 
disturbance  in  these  areas  appear  to  be  from  selective  or  clear  cutting  in  the  recent  past. 
One  area  (Q1 1)  appeared  to  have  been  disturbed  by  fire. 

The  dominant  species  are  black  birch  (Betu/a  lenta),  64-73%,  sugar  maple  [Acer 
saccharum),  17%,  chestnut  oak  (Quercus  prinus),  0-15%,  and  red  oak  (Quercus  rubra), 
1 1  %.  Other  trees  include  red  maple,  American  beech,  and  hemlock.  Typical  vegetative 
composition  is  represented  by  Quadrats  #5  and  #11. 
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Soils  are  shallow  (13.5')  with  silt  loams  in  the  'A'  horizon  and  heavy  silt  loams  in 
the  'B'  horizon.  Number  of  individuals  (34)  and  abundance  (5)  are  both  low.  Basal  area 
is  average  (1 193  sq.  in. /quadrat),  as  is  diversity  (.548/. 647). 


3.2       Mixed  Birch/Rhododendron  (BB/MH) 

This  association  is  very  similar  to  the  black  birch/mixed  hardwood,  except  that  it 
has  a  lower  percentage  of  black  birch  and  contains  rhododendron  in  the  understory. 


4.0   Other  Associations 


4.1       Pine/Oak  (P/O) 

Along  a  few  of  the  exposed  ridgetops  there  is  a  Pitch  Pine-Scrub  Oak  forest, 
dominated  by  pitch  pine  (Pinus  ilicifolia)  and  scrub  oak  (Quercus  illicifolia). 


4.2  Pine  Plantation  (P) 

Along  Old  Mine  Road  there  are  a  few  patches  of  White  Pine  (Pinus  strobus),    that 
have  been  planted  by  the  boy  scouts. 

4.3  Bare  Rock  (BR) 

A  few  areas  of  the  site  have  rock  outcrops  and  exposed  rocks  where  mining 
activity  once  took  place. 


4.4   Bare  Soil  (BS) 

There  are  sections  that  have  little  to  no  vegetation  due  to  past  disturbance,  such 
as  trails  and  parking  areas. 


4.5   Successional/Ruderal  {SIR) 

This  early  successional  and  ruderal  (vegetation  on  filled  areas)  association  is  mostly 
a  shrub  dominated  association  with  blackberry  {Rubus  allegheniensis),  black  cherry 
saplings  (Prunus  serotina) ,  and  honeysuckle  (Loniceraspp.).  The  herbaceous  layer  consists 
of  goldenrod  (So/idago  spp.),  hawkweed  (Hieracium  spp.),  pokeweed  {Phytollacca 
americana) ,  and  foxtail  grass  (Setaria  spp.}.  This  are  is  mainly  adjacent  to  Old  Mine  Road 
where  the  old  mining  buildings  were  located.  Vegetation  ranges  from  dense  vegetation 
and  others  areas  that  have  no  vegetation,  such  as  the  trails  and  old  foundation  slabs. 
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IV.   SUMMARY 

Vegetation  was  mapped  on  the  Pahaquarry  site  and  analyzed  for  limiting  factors 
and  environmental  gradients  examined.  Plant  cover  was  mapped  using  aerial  photographs 
and  a  stratified  sampling  scheme  was  developed  to  provide  ground  truthing.  12  tenth 
hectare  quadrants  were  sampled  in  order  to  collect  quantitative  information  for  the 
vegetation  analysis.  The  site  was  stratified  by  elevation  and  slope  orientation  in  order  to 
best  understand  the  environmental  factors  affecting  the  species  composition  and 
distribution  on  the  site.  The  final  vegetation  map  was  produced  on  stable-base  mylar  at 
a  scale  of  1"  =  100'. 

The  mapping  indicated  the  that  three  major  associations  are  found  on  the  site.^ 
mixed  oak  associations,  hemlock  associations,  amd  black  birch  associations.  The 
dominant  association  was  a  mixed  oak  association  dominated  by  chestnut  and  red  oaks. 
This  was  found  on  flatter  slopes  exposed  to  more  light  and  better  soil  nutrients.  The  high 
species  diversity  and  lower  number  of  individuals  shows  this  association  to  be  relatively 
mature  undisturbed  association  within  the  recent  past.  This  association  appears  the 
closest  to  the  oak-chestnut  forest  region  of  northern  New  Jersey  by  Braun  (1 950).  Most 
of  the  other  oak  associations  varied  in  terms  of  shifting  of  relative  densities,  frequency, 
and  cover  of  the  species. 

The  second  most  significant  association  is  the  hemlock/chestnut  oak/rhododendron 
association  which  dominates  much  of  the  ravine  at  the  Pahaquarry  site.  This  association 
covers  much  of  the  Pahaquarry  ravine  and  is  therefore  if  found  in  areas  of  little  to 
extensive  disturbance.  Since  both  the  basal  area  and  diversity  of  this  association  is  high, 
it  appears  that  this  community  is  a  stable  community  that  occupies  the  ravines  due  to 
exposure  and  moisture  conditions.  It  is  here  despite  some  of  the  disturbance  and  not  as 
a  result  of  the  disturbance.  Most  of  the  disturbance  appears  to  be  a  direct  result  of  the 
copper  mining  activity  that  occurred  in  the  study  area  and  is  either  from  direct  mining, 
spoil  piles  and  rock  slides,  or  mining  road  construction.  Other  hemlock  associations  are 
similar  in  character,  but  vary  in  degree  of  species  composition. 

The  final  significant  association  is  the  birch/mixed  hardwood  association  which 
appears  to  be  a  second  growth  forest  association  and  was  formed  directly  as  a  result  of 
some  significant  disturbance.  Basal  area  and  diversity  are  low  to  moderate,  indicating 
recent  disturbance  and  a  young  serai  stage. 

The  two  species  with  the  greatest  importance  at  the  Pahaquarry  site  are  the 
chestnut  oak  and  the  black  birch.  The  chestnut  oak  is  related  to  mature  forest 
associations,  while  the  black  birch  is  a  successional  species  indicative  of  site  disturbance. 
The  high  importance  value  of  the  black  birch  indicates  that  much  of  the  site  has  been 
disturbed  and  much  of  the  site's  species  composition  has  been  the  result  of  a  mosaic  of 
site  disturbances. 

The  overall  environmental  factors  that  were  examined  were  elevation,  slope, 
aspect,  and  soils.  A  vegetation  profile  (see  Figure  5)  along  transect  A-A'  was  constructed 
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in  order  to  examine  significant  environmental  gradients.  From  this  profile  and  other 
vegetation  data  analyses,  it  appeared  that  elevational  differences  and  soils  were  most 
likely  not  a  significant  factor,  due  to  their  relatively  small  variation.  The  one  parameter 
that  did  seem  to  be  affected  by  elevation  was  species  abundance,  which  decreased  at 
higher  elevations. 

Analyses  of  soil  texture  and  soil  fertility  indicated  little  variation  among  quadrats. 
The  soil  pH  was  low  (4.2  to  4.8)  and  the  majority  of  the  Cation  Exchange  Capacity  was 
occupied  by  hydrogen.  Other  nutrients,  such  as  potassium,  magnesium,  and  calcium, 
were  also  low.  There  was  more  variation  noted  in  the  phosphorus  levels  with  a  range  of 
6  ppm  to  56  ppm.  However,  these  levels  could  not  be  correlated  well  with  changes  in 
vegetational  communities  without  extensive  multivariant  analysis.  The  greatest  organic 
matter  level  was  recorded  at  the  base  of  the  slope,  which  would  be  expected  since  this 
is  generally  the  flattest  area  and  receives  depositional  material  from  upslope.  The  limited 
fertility  testing  did  not  reveal  much  variation  that  would  explain  noted  changes  in 
vegetational  communities.   The  fertility  status  of  all  the  sites  was  generally  low. 

Exposure  and  slope  seemed  to  be  significant  due  to  their  effect  on  limiting 
available  incident  light.  Both  west  and  east  facing  slopes  and  northwest  facing  slopes 
over  50%  slope  contained  hemlock  associations.  Areas  with  better  light  exposure 
contained  broadleaf  associations.  Past  site  disturbances  appeared  to  play  a  major  role  on 
the  vegetation  of  the  area.  The  black  birch  associations  are  found  in  the  areas  with  the 
most  disturbance.  The  mixed  oak  community  appeared  to  be  a  more  mature  community, 
and  the  least  disturbed. 
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APPENDIX  A 
VEGETATION  DATA  AND  ANALYSIS 


Quadrat  Data 

List  of  Species 

Total  No.  of  Individual 

Total  No.  of  Species 

Basal  Area  of  each  Species 

Total  Basal  Area  of  Quadrat 

Mean  Basal  Area  of  each  Species 
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APPENDIX  B 
VEGETATION  ASSOCIATIONS  AND  QUADRAT  INFORMATION 


VEGETATION  ASSOCIATIONS 

1.  (Q-1)  Chestnut  Oak  Forest  (CO) 

Association:  Chestnut  Oak 

Location:  Along  Kaiser  trail  800' 

Elevation:  Center:670'  (640-720)' 

Slope:  55% 

Aspect:  North  30°  West 

Exposure:  3;  moderate 

Disturbance:  2;  Slight 

Position:2;  midslope 

Sample  Size:  1/1  Oth  Hectare;  50  m  x  20  m 

(.25  acres  =  1 0,784  sq.  ft.  =  1 64.4  ft.  x  65.6  feet) 
Date:  11/15/93 
Dominant  species:    Quecus  prinus  71% 


2.  (Q-2)  Mixed  Oak  Forest  (MO) 

Association:  Chestnut  Oak/Red  Oak 

Location: 

Elevation:  755' 

Slope:  0% 

Aspect:  none 

Exposure:  4 

Disturbance:  3 

Position:  5 

Sample  Size:  1/1  Oth  Hectare;  50m  X  10m 

Date:  11/16/93 

Dominant  species: 

Quercus  prinus 

54% 

Quercus  rubra 

13% 

Betula  lenta 

13% 

Prunus  serotina 

11  % 

(Q-3)  Hemlock/Mixed  Hardwood/Rhododendron  (H/MH/R) 

Association:  Hemlock/Chestnut  Oak/Rhodo 

Location: 

Elevation:  490'  (440-550') 

Slope:  68% 

Aspect:  west 

Exposure:  2 

Disturbance:  3.5,  due  to  mine  shaft  spoil 

Position:3 

Sample  Size:  1/1  Oth  Hectare;  50m  x  20  m 

Date:  11/16/93 

Dominant  species:    Tsuga  canadensis     35% 

Quercus  prinus  20% 

Betula  lental  20% 

Rhododendron  10% 


4.  (Q-4)  Hemlock/Chestnut  Oak  (H/CO) 

Association:  Hemlock/Chestnut  Oak 
Location:  150'  north  of  control  point  #13 
Elevation:  550'  (530-565'} 
Slope:  76% 
Aspect:  north/west 
Exposure:  3 
Disturbance:  slight 
Position: 

Sample  Size:  1/1  Oth  Hectare 
Date: 

Dominant  species:    Tsuga  canadensis     47% 

Quercus  prinus         45% 

5.  (Q-5)  Black  Birch/Mixed  Hardwood  (BB/MH) 

Association:  Birch/Mixed  Hardwood 

Location:  270°  north  of  50°  W.  of  S.E.  corner 

Elevation:  470  (465-480') 

Slope:  2%;  flat 

Aspect:  none 

Exposure:  3 

Disturbance:  4 

Position: 

Sample  Size:  1/1  Oth  Hectare 

Dominant  species:    Betula  lenta  64% 

Acer  saccharum  17% 
Quercus  rubra  1 1  % 

6.  (Q-6)  Mixed  Hardwood/Rhododendron  (MH/R) 

Association:  Birch/Oak  /Rhodo 

Location: 

Elevation:  460'  (420-530') 

Slope:  82% 

Aspect:  east 

Exposure:  2 

Disturbance:  4 

Position: 

Sample  Size:  1/1  Oth  Hectare 

Date:  11/17/93 

Dominant  species:    Betula  lenta  31% 

Quercus  prinus  25% 

Rhododendron  21% 

7.  (Q-7)  Mixed  Oak  Forest  (MO) 

Association:  Chestnut  Oak/Red  Oak 
Location:  380'  from  top  of  ridge  15°  S.W. 
Elevation:  852'  (848-856') 
Slope:  8% 


Aspect:  north/west 
Exposure: 
Disturbance: 
Position: 

Sample  Size:  1/1  Oth  Hectare 
Date:  11/23/93 

Dominant  species:    Quercus  prinus  57% 

Quercus  rubra  21% 

8.  (Q-8)  Chestnut  Oak/  Rhododendron  (CO/R) 

Association:  Chestnut  oak/rhodo 
Location:  500'  above  ridge 
Elevation:  850'  (840-860') 
Slope:  17% 
Aspect:  north/west 
Exposure: 
Disturbance: 
Position: 

Sample  Size:  1/1  Oth  Hectare 
Date:  11/22/93 
Soil: 

Dominant:  Quercus  prinus  34% 

Rhododendron  30% 

9.  (Q-9)  Mixed  Hardwood/Rhododendron  (MH/R) 

Association:  Birch/Elm/Rhodo 

Location:  Riverine:  Below  lower  mine;  center  line  along  steam; 

Top  of  Quadrat  is  near  wetland  observation  point 

W87. 
Elevation:  395'  (380-410') 
Slope:  1 1  % 
Aspect:  north 
Exposure:  2 
Disturbance:  4 
Position: 

Sample  Size:  1/1  Oth  Hectare 
Date:  11/22/93 
Dominant:  Betula  lenta  20% 

Rhododendron  15% 

Ulmus  rubra  14% 

Betula  nigra  1 1  % 

10.  (Q-10)  Mixed  Oak  (MO) 

Association:  Chestnut  Oak/Red  Oak/  White  Oak 

Location:  600'  S  40°  E  from  top. 

Elevation:  810'  (780-830') 

Slope:  15% 

Aspect:  North  40o  West 


Exposure:  moderate 

Disturbance:  1-2 

Position: 

Sample  Size:  1/1  Oth  Hectare;  50  x  20m. 

Date:  11/23/93 

Dominant:  Quercus  prinus  34% 

Quercus  rubra  33% 

Quercus  alba  23% 

11.  (Q-11)  Black  Birch/Mixed  Hardwood  (BB/MH) 

Association:  Black  birch/Chestnut  oak 

Location:  600'  W  of  Quadrat  10. 

Elevation:  775'  (750-800') 

Slope:  20% 

Aspect:  west 

Exposure:  moderate 

Disturbance:  fire  disturbed 

Position: 

Sample  Size:  1/20th  Hectare;  50  x  10m. 

(164.4  ft.  x  32.8  ft) 
Date:  11/23/93 

Dominant:  Betula  lenta  73% 

Quercus  prinus  15% 

12.  (Q-12)  Hemlock/Mixed  Hardwood/Rhododendron  (H/MH/R) 

Association:  Hemlock/Mixed  oak/rhodo 

Location:  middle  of  slope  near  ravine;  100'  above  bridge. 

Elevation:  700'  (660-740') 

Slope:  45% 

Aspect:  north  60°  west 

Exposure:  mod.  protected 

Disturbance:  2-3,  rock  slides 

Position: 

Sample  Size:  1/20th  Hectare;  50  x  10 

Date:  11/23/93 

Dominant:  Tsuga  canadensis    29% 

Quercus  prinus  27% 
Quercus  rubra  22% 

Rhododendron  16% 
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APPENDIX  D 
LIST  OF  SPECIES  AND  INDICATOR  STATUS 


Vegetation  Observations 


Observation  station  NPPAQQ1 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Betula  lenta 

Sweet  birch 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Acer  rubrum 

Red  maple 

FAC 

Quercus  prinus 

Chestnut  oak 

UPL 

Saplings 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Shrubs 

Vaccinium  corymbosum 

Highbush  blueberry 

FACW- 

Vaccinium  angustifolium 

Lowbush  blueberry 

FACU- 

Herbaceous 

Graminaceae  sp. 


Grass  species 


NS 


Vegetation  Observations 


Observation  station  NPPAQQ2 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Fraxinus  americana 

White  ash 

FACU 

Quercus  prinus 

Chestnut  oak 

UPL 

Acer  saccharum 

Sugar  maple 

FACU- 

Acer  rubrum 

Red  maple 

FAC 

Can/a  glabra 

Sweet  pignut  hickory 

FACU- 

Prunus  serotina 

Black  cherry 

FACU 

Betula  lenta 

Sweet  birch 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Saplings 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Juniperus  virginiana 

Eastern  red  cedar 

FACU 

Pinus  strobus 

Eastern  white  pine 

FACU 

Herbaceous 

Epigaea  repens 

Common  mayflower 

NL 

Graminaceae  sp. 

Grass  species 

NS 

Lycopodium  lucidulum 

Shining  clubmoss 

FACW- 

Osmunda  cinnamomea 

Cinnamon  fern 

FACW 

Vegetation  Observations 


Observation  station  NPPAQQ3 


Scientific  Name 


Common  Name 


Region  1 
Ind  Status 


Trees 

Quercus  rubra 
Acer  rubrum 
Quercus  prinus 
Betula  lenta 
Tsuga  canadensis 

Shrubs 

Vaccinium  angustifolium 
Hamamelis  virginiana 
Rhododendron  maximum 

Herbaceous 
Betula  lenta 


Northern  red  oak 
Red  maple 
Chestnut  oak 
Sweet  birch 
Eastern  hemlock 


Lowbush  blueberry 
American  witch-hazel 
Rosebay  rhododendron 


Sweet  birch 


FACU- 

FAC 

UPL 

FACU 

FACU 


FACU- 

FAC- 

FAC 


FACU 


Vegetation  Observations 


Observation  station  NPPAQQ4 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  rubrum 

Red  maple 

FAC 

Acer  saccharum 

Sugar  maple 

FACU- 

Betula  lenta 

Sweet  birch 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Shrubs 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Herbaceous 

Graminaceae  sp. 

Grass  species 

NS 

Osmunda  cinnamomea 

Cinnamon  fern 

FACW 

Polystichum 

Christmas  fern 

FACU- 

acrostichoides 

Vegetation  Observations 


Observation  station  NPPAQQ5 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Fagus  grandifolia 

American  beech 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Acer  saccharum 

Sugar  maple 

FACU- 

Bet u la  lenta 

Sweet  birch 

FACU 

Shrubs 

Berberis  thunbergii 

Japanese  barberry 

FACU 

Vegetation  Observations 


Observation  station  NPPAQQ6 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Acer  pensylvanicum 

Striped  maple 

FACU 

Acer  rubrum 

Red  maple 

FAC 

Acer  sac  char  urn 

Sugar  maple 

FACU- 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Bet u la  lenta 

Sweet  birch 

FACU 

Quercus  prinus 

Chestnut  oak 

UPL 

Quercus  rubra 

Northern  red  oak 

FACU- 

Shrubs 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Herbaceous 

Athyrium  filix-femina 

Subarctic  lady  fern 

FAC 

Betula  lenta 

Sweet  birch 

FACU 

Vegetation  Observations 


Observation  station  NPPAQQ7 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Quercus  alba 

White  oak 

FACU- 

Sassafras  albidum 

Sassafras 

FACU- 

Nyssa  sylvatica 

Black  gum 

FAC 

Nyssa  sylvatica 

Swamp  tupelo 

FACW  + 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Acer  saccharum 

Sugar  maple 

FACU- 

Acer  rubrum 

Red  maple 

FAC 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Saplings 

Kalmla  la  ti folia 

Mountain  laurel 

FACU 

Shrubs 

Ilex  verticil  lata 

Common  winterberry 

FACW  + 

Vaccinium  angustifolium 

Lowbush  blueberry 

FACU- 

Kalmia  la  ti  folia 

Mountain  laurel 

FACU 

Herbaceous 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Vegetation  Observations 


Observation  station  NPPAQQ8 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  saccharum 

Sugar  maple 

FACU- 

Can/a  glabra 

Sweet  pignut  hickory 

FACU- 

Sassafras  albidum 

Sassafras 

FACU- 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Betula  lenta 

Sweet  birch 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Acer  rubrum 

Red  maple 

FAC 

Quercus  prinus 

Chestnut  oak 

UPL 

Shrubs 

Vaccinium  angustifolium 

Lowbush  blueberry 

FACU- 

Kalmia  la  ti folia 

Mountain  laurel 

FACU 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Herbaceous 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Vegetation  Observations 


Observation  station  NPPAQQ9 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  rubrum 

Red  maple 

FAC 

Liriodendron  tulipifera 

Tulip  tree 

FACU 

Tilia  americana 

American  basswood 

FACU 

Acer  saccharum 

Sugar  maple 

FACU- 

Acer  pensylvanicum 

Striped  maple 

FACU 

Acer  negundo 

Box-elder 

FAC  + 

Fraxinus  americana 

White  ash 

FACU 

Betula  nigra 

River  birch 

FACW 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Ulmus  rubra 

Slippery  elm 

FAC 

Betula  lenta 

Sweet  birch 

FACU 

Saplings 

Betula  nigra 

River  birch 

FACW 

Hamamelis  virgin/ana 

American  witch-hazel 

FAC- 

Shrubs 

Hamamelis  virginiana 

American  witch-hazel 

FAC- 

Rubus  allegheniensis 

Allegheny  blackberry 

FACU- 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Vines 
Vitis  sp. 

Herbaceous 

Osmunda  cinnamomea 
Polystichum 
acrostichoides 
Athyrium  filix-femina 


Grape  species 


Cinnamon  fern 
Christmas  fern 

Subarctic  lady  fern 


NS 


FACW 
FACU- 

FAC 


Vegetation  Observations 


Observation  station  NPPAQQ10 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  rubrum 

Red  maple 

FAC 

Cornus  florida 

Flowering  dogwood 

FACU- 

Amelanchier  arborea 

Downy  service-berry 

FAC- 

Betula  lenta 

Sweet  birch 

FACU 

Carya  glabra 

Sweet  pignut  hickory 

FACU- 

Quercus  marilandica 

Black  Jack  oak 

NL 

Quercus  alba 

White  oak 

FACU- 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Shrubs 

Kalmia  la  ti folia 

Mountain  laurel 

FACU 

Vaccinium  angustifolium 

Lowbush  blueberry 

FACU- 

Vegetation  Observations 


Observation  station  NPPAQQ1 1 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Betula  populifolia 

Gray  birch 

FAC 

Pinus  rig/da 

Pitch  pine 

FACU 

Nyssa  sylvatica 

Black  gum 

FAC 

Nyssa  sylvatica 

Swamp  tupelo 

FACW  + 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Betula  lenta 

Sweet  birch 

FACU 

Saplings 

Betula  lenta 

Sweet  birch 

FACU 

Vegetation  Observations 


Observation  station  NPPAQQ12 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Cornus  florida 

Flowering  dogwood 

FACU- 

Betula  lenta 

Sweet  birch 

FACU 

Acer  rubrum 

Red  maple 

FAC 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Shrubs 

Rhododendron  maximum    Rosebay  rhododendron 


FAC 


Herbaceous 

Athyrium  filix-femina  Subarctic  lady  fern 


FAC 


Vegetation  Observations 


Observation  station  NPPAQ01 


Chh) 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  saccharum 

Sugar  maple 

FACU- 

Juglans  cinerea 

Butternut 

FACU  + 

Saplings 

Acer  saccharum 

Sugar  maple 

FACU- 

Shrubs 

Lo  nicer  a  tatarica 

Tartarian  honeysuckle 

FACU* 

Herbaceous 

Arisaema  triphyllum 

Swamp  jack-in-the-pulpit 

FACW- 

Eulalia  viminea 

Nepal  microstegium 

FAC 

Rubus  allegheniensis 

Allegheny  blackberry 

FACU- 

Vegetation  Observations 


Observation  station  NPPAQ02 


Cm  a 


,i\ 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Celtis  occidentalis 

Common  hackberry 

FACU 

Ulmus  americana 

American  elm 

FACW- 

Betula  lenta 

Sweet  birch 

FACU 

Liriodendron  tulipifera 

Tulip  tree 

FACU 

Fraxinus  americana 

White  ash 

FACU 

Acer  saccharum 

Sugar  maple 

FACU- 

Saplings 

Betula  lenta 

Sweet  birch 

FACU 

Acer  saccharum 

Sugar  maple 

FACU- 

Vines 

Parthenocissus 

Virginia  creeper 

FACU 

quinquefolia 

Toxicodendron  radicans 

Poison  ivy 

FAC 

Herbaceous 

Impatiens  capensis 

Spotted  touch-me-not 

FACW 

Berberis  thunbergii 

Japanese  barberry 

FACU 

Vegetation  Observations 


Observation  station  NPPAQ04 


/ 


:  mw/£m\ 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Acer  saccharum 

Sugar  maple 

FACU- 

Betula  lenta 

Sweet  birch 

FACU 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Shrubs 

Rhododendron  maximum    Rosebay  rhododendron 


FAC 


Herbaceous 

Athyrium  filix-femina 
Polystichum 
acrostichoides 
Solidago  sp. 


Subarctic  lady  fern 
Christmas  fern 

Golden-rod  species 


FAC 
FACU- 

NS 


Vegetation  Observations 


Observation  station  NPPAQ05 


(M(4/Ph 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Quercus  rubra 

Northern  red  oak 

FACU- 

Ulmus  rubra 

Slippery  elm 

FAC 

Tilia  americana 

American  basswood 

FACU 

Fraxinus  americana 

White  ash 

FACU 

Acer  saccharum 

Sugar  maple 

FACU- 

Betula  lenta 

Sweet  birch 

FACU 

Saplings 

Acer  saccharum 

Sugar  maple 

FACU- 

Shrubs 

Hamamelis  virginiana 

American  witch-hazel 

FAC- 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Herbaceous 

Arisaema  triphyllum 
Geum  canadense 
Athyrium  filix-femina 
Polystichum 
acrostichoides 


Swamp  jack-in-the-pulpit  FACW- 

White  avens  FACU 

Subarctic  lady  fern  FAC 

Christmas  fern  FACU- 


Vegetation  Observations 


Observation  station  NPPAQ06 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Quercus  rubra 

Northern  red  oak 

FACU- 

Bet u la  nigra 

River  birch 

FACW 

Quercus  prinus 

Chestnut  oak 

UPL 

Saplings 

Betula  lenta 

Sweet  birch 

FACU 

Sassafras  albidum 

Sassafras 

FACU- 

Shrubs 

Rhododendron  maximum    Rosebay  rhododendron 


FAC 


Herbaceous 

Athyrium  filix-femina  Subarctic  lady  fern 


FAC 


Vegetation  Observations 


Observation  station  NPPAQ08 

Region  1 
Scientific  Name Common  Name Ind  Status 

Trees 

Betula  lenta  Sweet  birch  FACU 

Tsuga  canadensis  Eastern  hemlock  FACU 


Vegetation  Observations 


Observation  station  NPPAQ09 


Scientific  Name 


Common  Name 


Region  1 
Ind  Status 


Trees 

Tsuga  canadensis 

Saplings 

A  cer  pensylvanicum 
Betula  lenta 


Eastern  hemlock 


Striped  maple 
Sweet  birch 


FACU 


FACU 
FACU 


Shrubs 

Rhododendron  maximum    Rosebay  rhododendron 

Herbaceous 

Athyrium  filix-femina  Subarctic  lady  fern 


FAC 


FAC 


Vegetation  Observations 


Observation  station  NPPAQ10 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Betula  lenta 

Sweet  birch 

FACU 

Quercus  prinus 

Chestnut  oak 

UPL 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Saplings 

Betula  lenta 

Sweet  birch 

FACU 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Shrubs 

Rubus  flagellars 

Northern  dewberry 

UPL 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Herbaceous 

A  th  yrium  fi/ix  -  fern  in  a 


Subarctic  lady  fern 


FAC 


8 


Vegetation  Observations 


Observation  station  NPPAQ1 1 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Quercus  rubra 

Northern  red  oak 

FACU- 

Quercus  prinus 

Chestnut  oak 

UPL 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Saplings 

Quercus  prinus 

Chestnut  oak 

UPL 

Tsuga  canadensis 

Eastern  hemlock 

FACU 

Betula  lenta 

Sweet  birch 

FACU 

Shrubs 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Herbaceous 

Athyrium  filix-femina 

Subarctic  lady  fern 

FAC 

Vegetation  Observations 


Observation  station  NPPAQ12 


Region  1 

Scientific  Name 

Common  Name 

Ind  Status 

Trees 

Carya  glabra 

Sweet  pignut  hickory 

FACU- 

Betula  lenta 

Sweet  birch 

FACU 

Tilia  americana 

American  basswood 

FACU 

Shrubs 

Rhododendron  maximum 

Rosebay  rhododendron 

FAC 

Rubus  flagellaris 

Northern  dewberry 

UPL 

Herbaceous 

Polystichum 

Christmas  fern 

FACU- 

acrostichoides 

Athyrium  filix-femina 

Subarctic  lady  fern 

FAC 

10 


APPENDIX  E 
SOIL  NUTRIENT  DATA 
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APPENDIX  F 
PER  CENT  SIMILARITY 


FABLE  9  %  SIMILAI 

RILITY  COEFFICIENT  A 

MONG  SEL 

ECTED  VEC STATION  CtUADRATS 

1 

2 

4 

5 

7 

8 

Percent  Similarility 

72.8 

50.2 

21.2 

61.5 

39.7 

Jaccaro  Coefficient 

0.364 

0.714 

0.429 

0.4 

0.455 

3ercent  Similarility 

2 

36.2 

25 

55.8 

29.3 

Jaccaro  Coefficient 

0.364 

0.273 

0.4 

0.462 

Dercent  Similarility 

4 

15.6 

39.6 

22.4 

Jaccaro  Coefficient 

0.571 

0.4 

0.455 

3ercent  Similarility 

5 

34.2 

19.5 

Jaccaro  Coefficient 

- 

0.3 

0.18 

3ercent  Similarility 

7 

0.47 

Jaccaro  Coefficient 

0.636 

APPENDIX  G 
VEGETATION  MAP 


Map  not  included 


APPENDIX  J 

Stein,  Raymond,  J.  "A  Rare  Fauna/Habitat  Survey  of  the  Pahaquarry  Copper  Mines 
Development  Site  in  the  Delaware  Water  Gap  National  Recreation  Area, 
Pahaquarry  Township,  Warren  County,  New  Jersey."  Far  Hills,  N.J.:  Prepared  for 
the  National  Park  Service  by  Biostar  Associates,  Inc.,  September  1993. 
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A  RARE  FAUNA/HABITAT  SORVEY 

OF  THE  PAHAQUARRY  COPPER  MINES  DEVELOPMENT  SITE 

IN  THE  DELAWARE  WATER  GAP  NATIONAL  RECREATION  AREA, 

PAHAQUARRY  TOWNSHIP,  WARREN  COUNTY,  NEW  JERSEY 
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by 


£^Jy 


S^Uv^ 


rmond  J/  Stein 
September,  1993 


NFS  CONTRACT  OM(S) 
ORDER  #1443  PX432093A82 


Introduction 

During  June,  1993 ,  Biostar  Associates,  Inc.  conducted  a 
rare  fauna/habitat  survey  of  the  Pahaquarry  Copper  Mines 
development  site  in  the  Delaware  Water  Gap  National  Recreation 
Area  (DWGNRA),  Pahaquarry  Township,  Warren  County,  New  Jersey. 
The  investigation,  performed  at  the  request  of  National  Park 
Service,  included  searches  of  woodlands,  mines,  and  stream  for 
the  purpose  of  detecting  any  federal  or  state  protected  species 
of  vertebrates  or  invertebrates  and/or  their  related  critical 
habitats.  The  study  was  made  by  three  staff  members  at  various 
times  on  June  11,  17,  24,  and  29. 

One  state  threatened  salamander,  and  another  salamander 
currently  state  classified  as  declining,  were  located  on  the 
site. 

Overview  of  property 

The  Pahaquarry  property  (see  map,  Appendix  I)  features  a 
mesic  upland  hemlock-mixed  hardwood  forest  that  follows  a  stream 
through  a  steep  shale  slope  to  the  Delaware  River  below. 
Although  somewhat  fragmented  by  old  building  foundations  and 
related  clearings  that  are  now  overgrown  with  vegetation,  the 
forested  area  is  made  up  of  a  typical  mix  of  hemlock,  sweet  and 
yellow  birch,  basswood,  beech,  ash,  red  oak,  sugar  maple,  and 
red  maple  trees.  Prom  the  stream  and  the  hiking  trails  that  run 
through  the  woods,  one  can  see  evidence  of  hemlock  infestation 
bjf'  th>  woolly  adelgid,  Adelges  tsugae,  that  may  alter  the  forest 
situation  in  the  near  future. 

A  reduction  in  shade  resulting  from  hemlock  dieoff  could 
also  increase  the  brook's  temperature  and  drastically  alter  that 
habitat  as  well.  At  present  its  waters  harbor  crayfish  and 
frogs  and  present  ideal  conditions  for  macroinvertebrates  and 
five  species  of  salamanders  that  feed  on  them.   The  fast  running 


stream  drops  almost  800  feet  in  elevation  during  its  one  mile 
run  to  the  river. 

In  addition  to  the  wooded  area  and  the  brook,  the  upland 
region  contains  two  old  mine  tunnels  that  could  potentially  be 
utilized  as  terrestrial  cave  habitat  despite  the  facts  that  the 
tunnels  were  found  to  be  predominantly  dry,  and  are  not  deep 
enough  to  have  zones  of  permanent  darkness.  Only  spiders  and 
cave  crickets  were  found  during  the  survey  inspections.  The 
entrances  to  the  mines  are  currently  boarded  over,  but  have 
small  doers  that  permit  public  access. 

The  retraining  portion  of  the  site,  located  on  the 
northwestern  side  of  Old  Mine  Road,  contains  a  grass  and  dirt 
parking  area  with  surrounding  stands  of  hardwoods,  plus  the 
lov/er  stretch  of  the  stream  that  flows  to  its  meeting  with  the 
river. 

A  list  of  vertebrate  species  sited  during  the  survey  may  be 
found  in  Appendix  II. 

Invertebrates 

In  a  search  for  the  federal  and  state  endangered  American 
burying  beetle,  Nicrophorus  americanus,  two  traps  were  placed  in 
appropriate  locations  for  a  total  of  eight  trap  days.  Captured 
were  21  carrion  beetles  and  3  rove  beetles  in  addition  to  two 
species  of  burying  beetles  (6  specimens),  which  did  not  include 
the  looked-for  Nicrophorus.  Suitable  habitat  for  Mitchell's 
satyr,  Neonympha  mitchellii,  is  not  present  on  the  property. 

Rare  vertebrates 

One  specimen  of  the  threatened  long- tailed  salamander, 
Eurycea  longicauda,  was  found  on  the  study  site.  The  salamander 
was  discovered  in  leaves  sandwiched  between  two  large  slabs  of 
shale  that  overhang  the  brook  in  a  steep  open  area  several 
hundred  feet  southeast  of  tunnel  #1.  Long- tails,  although 
mainly  terrestrial,  are  almost  always  associated  with  streams, 
limestone  ponds  and  sinks,  wet  caves,  seeps,  or  other  moist 


places.   The  hemlock  slope/stream  habitat  could  be  assessed  as 
good. 

The  northern  spring  salamander/  Gyrinophilus  porphyriticus, 
a  somewhat  aggressive  species  that  usually  frequents  clear  upland 
springs  and  streams ,  was  sited  in  a  lower  section  of  the  same 
stream  just  a  bit  to  the  south  of  Old  Mine  Road.  Now  considered 
to  be  declining  by  the  New  Jersey  Department  of  Environmental 
Protection  and  Energy,  the  species  is  found  rather  regularly  in 
the  DWGNRA,  but  is  difficult  to  locate  elsewhere  in  the  state. 

Although  no  New  Jersey-classified  rare  birds  were  seen  at 
the  Pahaquarry  site  during  Biostar's  survey,  it  is  pertinent  to 
note  that  four  species  that  the  New  Jersey  Audubon  Society 
reports  to  be  fleclining  in  the  state,  because  of  the  vast 
reduction  in  woodland  habitat,  were  found  on  the  property. 
These  included  the  ovenbird,  Seiurus  aurocapillus ;  the  red-eyed 
*ireo,  vireo  _olivaceus;  the  w©od  thrush,  Hylocichla  mustelina; 
and  the  scarlet  tanager ,  -Pirancra  olivacea_.  The  June  sitings 
would  indicate  that  all  four  species  were,  in  all  probability, 
nesting  there. 

Recommendation  for  mines 

Consideration  of  gating  the  mine  entrances  in  the  manner  of 
the  Army  Corps  of  Engineers  test  tunnel,  located  about  two  and 
one-half  miles  south  on  the  same  western  slope  of  Kittatinny 
Mountain,  is  suggested.  The  cave-like  mines  fcould  provide 
resting  and  hibernation  quarters  for  several  species  of  bats, 
possibly  including  the  endangered  Indiana  myotis,  Myotis 
sodalis.  The  gate  on  the  Army  Corps  tunnel  exemplifies  a  type 
that  allows  space  for  proper  ingress  and  egress  of  bats  and 
other  small  animals,  A  publication  by  Hunt  and  Stitt  entitled 
Cave  Gating;  ^  Handbook  (available  from  the  National 
Speleological  Society,  Inc.,  Cave  Avenue,  Huntsville,  Alabama 
35810)  discusses  an  alternative  type  of  gate  (see  Appendix  III) 
that  also  allows  for  bat  usage  of  caves  and  reduces  human 
accessibility,   thereby   controlling   vandalism,   litter,   and 


potential  hazards.  Inasmuch  as  the  mines  serve  no  present 
purpose,  such  methods  of  encouraging  their  utilization  by 
wildlife  are  recommeraded . 
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VERTEBRATES  SITED  DURING  SURVEY 

Amphibians : 

Northern  dusky  salamander  Desmognathus  fuscus 

^Northern  spring  salamander  Gyrinophilus  porphyriticus 

Red-backed  salamander  Plethodon  cinereus 

Two-lined  salamander  Eurycea  bislineata 

^^Long-tailed  salamander  Eurycea  longicauda 

Pickerel  frog  Rana  palustris 


Birds: 

Common  flicker 

Red-bellied  woodpecker 

Blue  jay 

Common  crow 

Catbird 

American  robin 

Wood  thrush 

Blue-gray  gnatcatcher 

Red-eyed  vireo 

Black-and-white  warbler 

Yellow  warbler 

Ovenbird 

American  redstart 

Scarlet  tanager 

Cardinal 

Song  sparrow 

Manuals: 

Eastern  chipmunk 
Whitetail  deer 


Colaptes  auratus 
Centurus  carolinus 
Cyanocitta  cristata 
Corvus  brachyrhynchos 
Dumetella  carolinensis 
Turd us  migratorius 
Hylocichla  mustelina 
Polioptila  caerulea 
Vireo  olivaceas 
Mniotilta  varia 
Dendroica  petechia 
Seiurus  aurocapillus 
Setophaqa  ruticilla 
Piranga  olivacea 
Richmondena  cardinalis 
Melospiza  melodia 


Tamias  stria tug 
Odocoileus  virginianus 


D  *  Declining  species 
T  =  Threatened  species 
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A   figure   from  Cave   Gating   by   Geoffrey   Hunt   and   Robert   Stitt 
illustrates   horizontal    bars. 

The   automatic    device    for     flooding     is    unnecessary     for   the 
pahaquarry  mine   entrances. 


PAHAQUARRY  MINES. 

General  Description. 

Except  for  the  immediate  shore  along  the  Delaware  River, 
most  of  this  site  was  not  surveyed  in  1985  because  of  time 
constraints.  The  Pahaquarry  Mines  area  consists  largely  of 
an  old  mining  site,  with  the  remains  of  concrete  buildings, 
outbuildings,  tailing  piles,  old  stream  impoundments,  and 
two  mine  shafts  which  are  partially  sealed  with  timber.  An 
un-named  stream  transects  the  site,  flowing  mostly  through  a 
steep,  rocky  gorge  and  eventually  emptying  into  the  Delaware 
River,  nearby.  An  un-marked  trail  passes  through  the  area 
along  the  stream,  and  a  larger  marked  trail  skirts  along 
high  ground  at  the  south  of  the  area's  boundary.  Terrain 
away  from  the  mine  buildings  is  rocky  and  quite  scenic,  and 
is  heavily  used  by  hikers.  There  is  an  unpaved  parking  area 
on  the  west  side  of  Old  Mine  Road  which  is  also  heavily  used 
by  fishermen,  hikers,  and  picnickers. 

frees  in  the  area  consist  largely  ofysugar  maples,  with 
lesser  numbers  of  American  elm,  silver  maple,  £lack  and 
green  ashes,  fellow  birch,  and  eastern  hemlock.  Trees  in 
the  vicinity  of  the  mine  buildings  consist  mainly  of  young 
growth.  There  is  an  often  dense  planting  of  autumn  oliwe  in 
the  disturbed  area  between  the  mine  buildings  and  Old  Mine 
Road.  Shrub  vegetation  in  less  disturbed  wooded  areas  is 
often   sparse,    consisting   of    saplings,   atriped   maple, 

J»asswood, ,  rhododendron,  'Japanese  barberry,  purple-f lowering 
raspberry  (in  openings) ,  and  apicebush.  Typical  herbs  here 
include  marginal  and  intermediate  wood*  feme,  Ohristmas 
fern,  heart-leavedv,and  white  wood  asters,  .Virginia  jumpseed, 
Virginia  waterleaf,  two-leaved  toothwort,  blackberry 
species,  clearweed,   enchanter's  nightshade,   <horseweed.  and 

« several  common  sedge  species.  The  portion  of  the  stream 
between  old  Mine  Road  and  the  Delaware  River  is  overgrown 
with  an  occasionally  dense  growth  of  ^pison  ivy,  hj»yscente4 
^ern,  Japanese  barberry,  and  ,horseweed. 

Species  of  Potential  Occurrence. 

Botrvchium  oniedense  Blunt-lobed  Crape  Fern 

Heritage  Program  Rank:   G3?  S. 

Other  Listings;   None. 

Comments:  Occurs  near  the  Recreation  Area  in  habitat 
similar  to  that  present  on  the  site. 


Gymnocarpium  drvopteris  Oak  Fern 

Heritage  Program  Rank:   G4  S3. 

Other  Listings:   None. 

Comments:  Historic  records  front  nearby,  in  habitat  similar 
to  that  present  on  the  site. 

Thelypteris  pheaopteris  Long  Beech  Fern 

Heritage  Program  Rank:   G5  S2. 

Other  Listings:   None. 

Comments:  Occurs  elsewhere  in  the  Recreation  Area  in 
habitat  similar  to  that  present  on  the  site. 

Poa  languida  Drooping  Bluegrass 

Heritage  Program  Rank:   G3G4  S2. 

Other  Listings:   None. 

Comments:  There  are  current  records  for  this  species  in  the 
Recreation  Area,   in  habitat   similar  to  that  present  on  the 

site. 

Carex  lentonervia  Finely-nerved  Sedge 

Heritage  Program  Rank:   G5  SI. 

Other  Listings:   State  Endangered. 

Comments:  Currently  known  from  a  locale  in  the  DWGNRA,  in 
habitat  similar  to  that  present  on  the  study  site. 

Coeloalossuro  vlrlde  Long-bracted  Green  Orchid 

Heritage  Program  Rank:   G5  S2 . 

Other  Listings :   None . 

Comments:  Seen  by  the  author  in  1990,  approximately  1.5 
miles  northeast  of  Pahaquarry  Mines,  in  habitat  similar  to 
that  present  on  the  study  site. 


Platanthera  psycodes  Purple-fringed  Orchid 

Heritage  Program  Rank:   G5  S3. 

Other  Listings:   None. 

Comments:  Seen  in  1982  (though  not  since)  along  nearby  Van 
Campen's  Brook,  in  habitat  similar  to  that  present  on  the 
study  site. 

Cardanine  diphylla  Two-leaved  Toothwort 

Heritage  Program  Rank:   05  S3. 

Other  Listings:   None. 

Comments:  Known  from  twelve  streamside  locations  in  the 
Recreation  Area,  in  habitat  similar  to  that  found  on  the 
study  site. 

Dirca  palustris  Leatherwood 

Heritage  Program  Rank:   G4  S2 . 

Other  Listings:   None, 

Comments:  Occurs  in  several  sites  in  the  Recreation  Area, 
in  habitat  similar  to  that  present  on  the  study  area. 

Panax  quinauef olius  American  Ginseng 

Heritage  Program  Rank:   G4  S2 . 

Other  Listings:   Federal  Category  C3. 

Comments:  Currently  known  elsewhere  in  the  Recreation  Area, 
in  habitat  similar  to  that  present  on  the  study  site. 
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DUNFIELD  CREEK  DEVELOPMENT  SITE 

No  Rare,  Imperiled,  or  Critically  Imperiled  plant  species 
were  found  at  the  Dunfield  Creek  Development  Site,  or  in  its 
immediate  vicinity.  One  small  population  of  American 
Ginseng  (Panax  auinauefolius ,  Heritage  Program  Ranked  G4  S3) 
was  found  along  the  Appalachian  Trail  ,  above  the  site  (see 
map) .  This  population  is  some  distance  away  from  the 
parking  area,  and  though  it  is  vulnerable  to  trampling  and 
picking  by  hikers,  expansion  of  the  parking  area  is  unlikely 
to  have  any  effect  on  it. 


PAHAQUARRY  MINES 

A  small  population  of  pong  Beech  Fern;  (Thelypteris 
hexaqonoptera,  Heritage  Program  Ranked  G5  S2)  was  found 
along  the  small  stream  which  passes  through  the  site.  The 
ferns,  numbering  approximately  thirty  plants,  were  located 
along  the  trail  which  passes  immediately  south  of  the  stream 
and  terminates  at  Tunnel  #1  (see  map) .  Under  current  use, 
this  population  is  highly  vulnerable  to  foot  traffic  and 
erosion.  Expansion  of  this  trail  in  any  way  would  have  a 
deleterious  effect  on  Long  Beech  Fern  at  this  location, 
particularly  because  the  steepness  of  the  terrain  above  it 
would  preclude  trail  re-routing.  Because  of  historic  mining 
and  foot  traffic,  erosion  is  already  a  problem  here,  and 
during  heavy  rains  water-borne  silt  passes  over  the  plants 
and  into  the  stream.  If  feasible,  hikers  should  be 
encouraged  to  use  the  larger  marked  trail  which  passes  above 
Pahaquarry  Mines  on  the  high  ground  to  the  south  of  the 
area. 

No  other  listed  plant  species  were  found  on  the  site. 
Vegetation  around  the  old  foundations  and  the  parking  area 
consist  of  common,  often  disturbed  site  species. 
Development  in  these  areas  is  unlikely  to  have  any  effect  on 
Rare,  Threatened,  or  Endangered  plant  populations,  though 
efforts  should  be  made  to  minimize  construction-related  silt 
runoff  into  the  Delaware  River. 
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The  Quarry  Ca.  1905 
Courtesy  of  Keith  Deshler,  Belvidere,  New  Jersey 
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Upper  Part  of  Mine  Brook  Showing  Water  Pipe  Ca.  1905 
Courtesy  of  Keith  Deshler,  Belvidere,  New  Jersey 
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Weber  3-Cylinder  Gas  Engine  1909 
Courtesy  of  Keith  Deshler,  Belvidere,  New  Jersey 

This  engine  was  hauled  on  skids  for  seven  miles  to  the  mill. 
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Weber  3-Cylinder  Gas  Engine  1909 
Courtesy  of  Keith  Deshler,  Belvidere,  New  Jersey 

This  engine  was  hauled  on  skids  for  seven  miles  to  the  mill. 
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The  Ore  Bin  and  Tramway  Track  Ca.  1909 
Courtesy  of  Keith  Deshler,  Belvidere,  New  Jersey 
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View  of  the  Delaware  River  and  Tramway  Tracks 

from  Near  the  Tipple  Ca.  1910 

Courtesy  of  the  Delaware  Water  Gap  National  Recreation  Area 

The  Courtright  house  is  visible  just  left  of  center.  The  Pumphouse  appears  just  to  the  left  of  the  Courtright 
house.  The  Office  Building  can  be  seen  just  below  the  Pumphouse  while  the  Ore  Bin  above  the  Mill  appears 
at  the  lower  left  side  of  the  photo. 
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View  of  the  Delaware  River  from  the  area 

near  the  Tipple  Ca.  1910 

Courtesy  of  the  Delaware  Water  Gap  National  Recreation  Area 


The  Laboratory  Interior  Ca.  1910 
Courtesy  of  Pat  Fishier,  Bangor,  Pennsylvania 
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MMN   POWCI?   PLANT  © 
Ts»3  consisted  o|  a.   3  Cylinder  ^5"0ttP 
(Joifojme  made  6^  ^oer  £«s  6^.  Co 
of  Kq«s«3  Cty,  Mo.  It  was  started   by 

COrr\  pressed,    air*.    J"f  u5c^   producer 
Ja3  as  jueUocle  i*  twm  ttArber  aas 
producers  ®^rom  buckwheat  coal. 

This  q,q3  was  also  (j S ed  a s  was  -fuel  q\\ 
unsuccessfully  in  Jinn*  the  ore  n>astina 
|nrnace5  at  one  time. 

O'^maU^  the  pU*\t  was  driven  by  a  //f>e 
5haft  4romthe  fngme  by  two  30m.  Rubber 
belts.  Laic  the  e*jme  was  d/rcct  connected 
-fo  a  Crocker-^/fiee/er   750  K.VT  aitcrnater 
kvith  individual  motors  tneach  section. 

AUXILIARV  POWLR  PlAHTT  (g) 
Th»s  consisted  of  a  FWta^ks- Mo  rs"e 
5<n^)e  cylinder  gasoline  engine  belte* 
to  a.  Cocker-  fVneeler  direct  current 

Jenerafor  -fordriymg  two  GJardner 
/ectr'ic  fock  drills  mtV»«  quarry, 
tf'so  used  for  dr./inj  Curtis   0,>  Comp- 
ressor /or  comprefiei  *ir  ^r       ' 
jtart\r*j  fht  mam  p«w*r  plant. 
This  generator  A  Compressor  dr*V in  by 
the  mam  plant  whtn  it  w«S  optrsitifU. 


Explanation  of  the  Power  Supply  written  by 

Walter  Deshler  in  1961 

Courtesy  of  the  Delaware  Water  Gap  National  Recreation  Area 
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WATEIH   Supply  @ 

The    Supply  w4S  §rom  a.  aann 
Qcro  5  5  Mine  Brook  up  the  rav  ine 
which  was  not  ad  eg  u  ate  m  dry 
5pe\\s  sothey  installed  tfntfldnch. 

Triplex  Electric  fur^p  in  a 
pump  nouse  nearthe  river  and 
pumpedto  a  13000  Gcil-tank 
^oi/e they'll.  Th\s  Tank  was 
always  full  due  to  an  puto  - 

mafic  float  SW.tch  that  con- 
trolled   the    pump- 

HEAT. 

Steam  heat  */«J  auopliai  by  a- 
^OHR  vertical  boiter  in  the 
eiucksmith  «5hop.  fuel^«3 

5o|f  coo/  o»*  cord  wood. 

Explanation  of  the  Water  Supply  and  Heat 

written  by  Walter  Deshler  in  1961 

Courtesy  of  the  Delaware  Water  Gap  National  Recreation  Area 
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The  Mill  in  1928 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Mill  in  1928 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Mill  Ca.  1930 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 

The  gas  producer  and  electrical  generation  area  of  the  mill  on  the  right  was  re-sided  to  serve  as  the  first  Boy 
Scout  mess  hall. 
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The  Mining  Era  Office  Building  in  1928 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 

The  Oil  House  is  visible  to  the  right  rear  of  the  Office  Building. 
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A  Second  Copper  Ingot  from  the  1901-12  Mining  Era 

Owned  by  Keith  Deshler  of  Belvidere,  New  Jersey 

Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Storage  House  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Quarry  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Quarry  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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The  Mine  Era  Boarding  House  Ca.  1960s  Adapted 

for  the  Boy  Scout  Chief  Ranger's  Quarters 

Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Boarding  House  Site  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Small  Adit  Near  Site  of  Boy  Scout  Chapel  1960s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Adit  Number  1  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Mill  Walls  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Stone  Wall  at  "New  Adit"  Entrance  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Small  Prospect  Hole  Above  Adit  Number  2  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Small  Prospect  Hole  Above  Adit  Number  2  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Adit  Across  Mine  Brook  in  Line  with  Adit  Number  1  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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Inside  Adit  Number  1  1970s 
Courtesy  of  Don  Pace,  Easton,  Pennsylvania 
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View  from  the  Top  of  the  Ridge  Near  the  Tipple  1970s 
Courtesy  of  Don  Pace,  Euston,  Pennsylvania 
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Agricultural  Stabilization  and  Conservation  Service 

Aerial  Overflight  Photograph  AQW-60-35 

May  4,  1939 

Record  Group  145,  Records  of  the  Agricultural 

Stabilization  And  Conservation  Service, 

National  Archives  and  Record  Center, 

Washington,  D.C. 
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Agricultural  Stabilization  and  Conservation  Service 

Aerial  Overflight  Photograph  AQW-80-59 

May  31,  1939 

Record  Group  145,  Records  of  the  Agricultural 

Stabilization  and  Conservation  Service, 

National  Archives  and  Record  Center, 

Washington,  D.C. 


308 


'U.S.    GOVERNMENT    PRINTING   OFFICE:      1995-676-877/25126 


3   1604   011    357    169 


FEDERAL 


As  the  nation's  principal  conservation  agency,  the  Department  of  the  Interior  has  responsibility  for 
most  of  our  nationally  owned  public  lands  and  natural  resources.  This  includes  fostering  wise  use  of 
our  land  and  water  resources,  protecting  our  fish  and  wildlife,  preserving  the  environmental  and 
cultural  values  of  our  national  parks  and  historical  places,  and  providing  for  the  enjoyment  of  life 
through  outdoor  recreation.  The  department  assesses  our  energy  and  mineral  resources  and  works  to 
ensure  that  their  development  is  in  the  best  interests  of  all  our  people.  The  department  also  promotes 
the  goals  of  the  Take  Pride  in  America  campaign  by  encouraging  stewardship  and  citizen 
responsibility  for  the  public  lands  and  promoting  citizen  participation  in  their  care.  The  department 
also  has  a  major  responsibility  for  American  Indian  reservation  communities  and  for  people  who  live 
in  island  territories  under  U.S.  administration. 
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